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ABSTRACT 

The d e s i g n  of a S e l f  Evacuat ing  M u l t i l a y e r  I n s u l a t i o n  (SEMI) 
sys tem f o r  a 10  f t .  (3.05M) diameter  by 20 f t .  (6.1M) long l i q u i d  
hydrogen t a n k  i s  d e s c r i b e d .  The design,  f a b r i c a t i o n  and t e s t i n g  of 
a model sys tem (30 i n c h  (.76M) i n  d i ame te r )  s i m u l a t i n g  t h e  f u l l  s i z e  
i n s u l a t i o n  s y s  t e m  i s  a l s o  p re sen ted .  Model sys tem t e s t i n g  inc luded  
bo th  thermal and s t r u c t u r a l  e v a l u a t i o n s .  Thermal t e s t s ,  u s i n g  
l i q u i d  hydrogen, were performed a t  NASA Plumbrook S t a t i o n ,  "K" s i t e  
Sandusky, Ohio wh i l e  t h e  s t r u c t u r a l  t e s t s  were performed a t  NASA 
Goddard Space F l i g h t  Center ,  i n  the  Launch Phase S imula to r  F a c i l i t y ,  
Greenbel t ,  Maryland. The SEMI sys tem was s u b j e c t e d  t o  a combined 
l aunch  vacuum p r o f i l e  t o  s i m u l a t e  a t y p i c a l  l aunch  p r o f i l e .  The 
sys tem performed a s  des igned .  The SEMI sys tem m a t e r i a l s ,  c o n s i s t i n g  
of composite l a y e r s  of r i g i d  open c e l l  po lyure thane  foam and double 
a luminized  Mylar r a d i a t i o n  s h i e l d s  were u n a f f e c t e d  by the  dynamic 
t e s t i n g .  
measured b e f o r e  and a f t e r  the dynamic tests.  The t h r e e  panel ,  18 
r a d i a t i o n  s h i e l d  sys t em o f f e r s  a l i g h t w e i g h t  (0.39 l b . / f t 2 ,  1 . 9  
Kg/M2) c ryogen ic  i n s u l a t i o n .  

A h e a t  f l u x  of  1 . 3  Btu p e r  hour  (4.1 Watts p e r  M2) was 

The work w a s  performed under c o n t r a c t  NAS 3-12045 and 
r e p o r t e d  i n  CR-72856. 
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1 . 0  SUMMARY 

The o b j e c t i v e s  of t h i s  program were (1) t o  des ign  a f u l l  s c a l e  
l i g h t w e i g h t  s e l f  evacua t ing  m u l t i l a y e r  i n s u l a t i o n  (SEMI) system f o r  l i q u i d  
hydrogen tankage cons ide r ing  thermal and s t r u c t u r a l  l oads ,  and (2) t o  des ign  
and f a b r i c a t e  a s c a l e  model of t h e  f u l l  s c a l e  system f o r  thermal and s t r u c t u r a l  
e v a l u a t i o n  tests 

A SEMI system was designed f o r  a so c a l l e d  " f u l l  s i z e "  tank, 
namely a tank 10 f e e t  (3 .05 M) i n  d iameter  by 20 f e e t  ( 6 . 1  M) i n  l e n g t h  w i t h  
hemispher ic  heads .  For e v a l u a t i o n ,  the  tank a l s o  inc luded  an i n n e r  s k i r t  
suppor t  i n t e r s t a g e  s t r u c t u r e )  i n s u l a t e d  w i t h  p o l a r  pane l s .  The s t r u c t u r a l  
and thermal load ings  imposed on the  i n s u l a t i o n  sys tem were determined du r ing  
t h e  des ign  phase.  

A s c a l e d  down v e r s i o n  of t h e  f u l l  s i z e  i n s u l a t i o n  sys tem 
r e f e r r e d  t o  as the  "model system" was des igned  and f a b r i c a t e d  by UCC Linde 
Div i s ion .  The i n s u l a t i o n  system c o n s i s t e d  of carbon d iox ide  (C02) f i l l e d  
pane l s  composed of s even  composite l a y e r s  of open c e l l  r i g i d  polyure thane  
foam s p a c e r s  and s i x  a luminized  Mylar r a d i a t i o n  s h i e l d s  enc losed  i n  a 4-ply 
a luminized  Mylar composite casing,  p r o t e c t e d  a g a i n s t  a i r  exposure by use of 
a n  impermeable Mylar aluminum f o i l  composite a t  a l l  e x t e r n a l  a i r  exposure 
s u r f a c e s .  The s c a l e  model i n s u l a t i o n  sys tem was of a t h r e e  l a y e r  des ign  
w i t h  pane l s  c i r c u m f e r e n t i a l l y  wrapped on t h e  c y l i n d r i c a l  p o r t i o n .  The 
forward bulkhead and s imula t ed  s k i r t  s e c t i o n  w a s  i n s u l a t e d  w i t h  pane l s  
i n s t a l l e d  i n  a p o l a r  s h i n g l e  f a sh ion .  The panels  were a t t a c h e d  t o  each  
o t h e r  and t o  t h e  t ank  u s i n g  VELCRO f a s t e n e r s .  Panel t o  panel s e a l s  were 
completed w i t h  a f o i l  t ape ,  and edge s e a l e d  w i t h  s i l i c o n e  rubber .  The tank 
used f o r  t h i s  e f f o r t  a s  w e l l  a s  t h e  hand l ing  car t  was designed, f a b r i c a t e d  
and proof t e s t e d  by UCC Linde Div i s ion .  V i b r a t i o n  t e s t i n g  of t h e  ba re  t ank  
was performed by Dayton T .  Brown T e s t  Labora tory .  

Subsca le  t e s t i n g  performed t o  e v a l u a t e  system components inc luded  
v i b r a t i o n  t e s t i n g  of 1 2  i n c h  (.305 M) by 18  i n c h  ( .45 M) SEMI p a n e l s ;  q u a l i t y  
c o n t r o l  checks on c a s i n g  materials, foam space r s ,  and r a d i a t i o n  s h i e l d s ;  and 
e v a l u a t i o n  of VELCRO a t t achmen t s .  

Thermal t e s t i n g  of t h e  model system w a s  performed a t  NASA Plumbrook 
S t a t i o n ,  Sandusky, Ohio, and dymanic t e s t i n g  was performed a t  NASA Goddard Space 
F l i g h t  Center ,  Greenbe l t ,  Md. 
System a t  NASA f a c i l i t i e s ,  Linde performed t h e  p o s t  t es t  e v a l u a t i o n  a t  NASA L e w i s  
Research Center ,  Cleveland, Ohio. 

A f t e r  dynamic and thermal t e s t i n g  t h e  Model 

The system performed as designed w i t h  t h e  thermal performance be- 
i ng  t h e  same when measured b e f o r e  and a f t e r  t h e  dynamic t es t s  (dynamic t e s t i n g  
w a s  a combined a c c e l e r a t i o n ,  v i b r a t i o n ,  a c c o u s t i c  and launch vacuum p r o f i l e  
e v a l u a t i o n ) .  A h e a t  f l u x  of 1 . 3  Btu per  h r .  f t . 2  (4.10 w a t t s  per  M ) was measured 
f o r  bo th  t es t s  i n  t h e  space c o n d i t i o n  " i n s u l a t i o n  recovered" mode, 
4 .2 .3 .3 ) .  

2 

(See Sec t ion  
T h i s  performance was s l i g h t l y  b e t t e r  t h a n  t h a t  p r e d i c t e d  by t h e  



computer program u s i n g  f l a t  p l a t e  d a t a ,  c o r r e c t e d  f o r  panel edge e f f e c t s .  
During dynamic t e s t i n g ,  p r e s s u r e  bui ld-up  behind t h e  panel  (of a n  unknown 
cause )  r e s u l t e d  i n  c a s i n g  f a i l u r e  on two pane l s ,  and minor s p a c e r  damage 
t o  one of t h e  p a n e l s .  Except f o r  t h i s  damage, t h e  sys tem func t ioned  
nominally i n  bo th  mechanical and thermal performance. 

2 



2 . 0  INTRODUCTION 

S to rage  of c ryogenic  l i q u i d s  p l ays  an impor tan t  r o l e  i n  t h e  
f u r t h e r  e x p l o r a t i o n  of space .  
h igh  performance i n s u l a t i o n  i s  necessa ry  t o  reduce launch l i f t  o f f  weights ,  
t hus  p e r m i t t i n g  extended space mis s ions  wi thou t  s u f f e r i n g  e x c e s s i v e  weight 
o r  thermal p e n a l t i e s .  
Linde Div i s ion ,  under t h e  d i r e c t i o n  of t h e  NASA's  L e w i s  Research Center  a t  
Cleveland, Ohio, has  been working on t h e  development of a S e l f  Evacuating 
M u l t i l a y e r  I n s u l a t i o n  (SEMI) system f o r  t h e  p a s t  few y e a r s .  This  r e p o r t  cover ing  
work performed under c o n t r a c t  NAS 3-12045, i s  a l o g i c a l  e x t e n s i o n  of the  prev ious  
work performed by UCC Linde D i v i s i o n  on c o n t r a c t s  NAS 3-6289 (Ref .  1) and 
NAS 3-7953 (Ref. 2 ) ,  i n  t h a t  i t  provided a n  e v a l u a t i o n  of t h e  SEMI sys tem 
exposed t o  a launch  environment, i n c l u d i n g  combined v i b r a t i o n ,  a c c e l e r a t i o n ,  
a c c o u s t i c s  and vacuum p r o f i l e ,  (p re s su re  decay du r ing  s imula t ed  l i f t  o f f )  
System e v a l u a t i o n  c o n s i s t e d  of v i s u a l  o b s e r v a t i o n  f o r  damage a s  w e l l  as  
thermal performance t e s t i n g  w i t h  l i q u i d  hydrogen, be fo re  and a f t e r  dynamic t e s t i n g .  

Development and u t i l i z a t i o n  of a l i g h t  weight  

A w a r e  of t h e s e  requi rements ,  Union Carbide Corporation, 

The SEMI system c o n s i s t s  of  t h e  fo l lowing  components, a vacuum 
t i g h t  c a s i n g  o r  bag, open c e l l  r i g i d  u re thane  foam space r s ,  h i g h l y  r e f l e c t i v e  

double a luminized  mylar r a d i a t i o n  s h i e l d s  and a cryopumpable f i l l  gas (Coleman 
grade carbon d iox ide ,  CO,). I n  o r d e r  f o r  a cryopumpable i n s u l a t i o n  t o  become 
operable ,  a p o r t i o n  of each  panel must c o n t a c t  the c ryogenic  s u r f a c e  i n  o r d e r  
t h a t  upon cooldown of  t h e  v e s s e l ,  t h e  gas cryopumps on  the  c o l d  end of t h e  
panel ,  t hus  reducing  the  p r e s s u r e  of the  panel t o  t h e  vapor p re s su re  of the  
gas commensurate w i t h  the  tempera ture  of t h e  c o l d  s u r f a c e ,  Furthermore,  f o r  
each  panel t o  c o n t a c t  t h e  c o l d  t ank  s u r f a c e ,  t h e  pane l s  must of n e c e s s i t y  be 
s h i n g l e d .  UCC has i n v e s t i g a t e d  cryopumpable s h i n g l e d  t h r e e  l a y e r e d  system of 
pane l s ,  a s  i l l u s t r a t e d  i n  F igu re  1 and 2 .  

i 

This  program w a s  d iv ided  i n t o  two major areas, namely des ign  
of a f u l l  scale i n s u l a t i o n  system f o r  a 10 f t .  (3.05 M) diameter  by 20 f t .  
( 6 . 1  M) long tank, and design,  f a b r i c a t i o n  and p o s t  t e s t  e v a l u a t i o n  ( a f t e r  
completion of t h e  NASA performed t e s t  phase) ,  of  a model i n s u l a t i o n  system 30 
inches (.75 M) i n  d i ame te r .  

The f u l l  s c a l e  i n s u l a t i o n  system des ign  e f f o r t  was performed t o  
i n v e s t i g a t e  pane l  l a y o u t s  and a t t achmen t s ,  i n  r e l a t i o n  t o  thermal performance, as 
w e l l  as t h e  s t r u c t u z a l  requi rements  and c a p a b i l i t i e s  of t h e  SEMI system. I n  
suppor t  of t h e  a n a l y s i s ,  s e v e r a l  small  s c a l e  tests w e r e  performed t o  provide  
needed tes t  d a t a .  A complete w r i t e u p  of the  f u l l  scale i n s u l a t i o n  work i s  pre-  
sented i n  S e c t i o n  4 . 1 .  

A s i m i l a r  i n v e s t i g a t i o n ,  i n c l u d i n g  t h e  design,  f a b r i c a t i o n ,  and 
t e s t i n g  of a model system t h a t  s imula ted  t h e  f u l l  s c a l e  i n s u l a t i o n  system w a s  
performed. The purpose of t e s t i n g  a model system (and c h i e f  purpose of t h i s  
c o n t r a c t u r a l  e f f o r t )  w a s  t o  determine i f  any thermal deg rada t ion  of the SEMI 
system occur red  fo l lowing  exposure t o  t h e  complete launch  environment A 
complete wr i t e -up  on the  model sys tem and r e l a t e d  hardware e f f o r t s  i s  
p resen ted  i n  S e c t i o n  4 . 2 ,  
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Thermal testing of the Model system was performed at "K" site, 
Plumbrook Station, Sandusky, Ohio, and dynamic testing was performed in the 
Launch Phase Simulator, at Goddard Space Flight Center, Greenbelt, Maryland. 
Testing of the model system at both of the previously mentioned NASA facilities, 
was performed entirely by NASA personnel. 

The work on this contract was performed under the direction of 
the National Aeronautics and Space Administration Chemical Rockets Division, 
Lewis Research Center Cleveland, Ohio. The technical monitor was Mr. James R. 
Faddoul. The UCC Linde Division program manager was Mr. G.E. Nies. 

Other Linde Division personnel contributing to this effort includ- 
ed Mr. L.R. Niendorf, Mr. L.K. Eigenbrod and Mr. E.S. Kordyban (structural 
analysis), and Mr. L.D. Potts and Mr. D. Suckow (thermal analysis). 
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3 - 0  DISCUSSION OF RESULTS 

The design of a Self Evacuating Multi Layer Insulation (SEMI) 
A s  a result of system for a large liquid hydragen (LH2) tank was completed. 

this study, it can be stated that a SEMI system consisting of reasonably sized 
panels could be installed on LH2 tankage, and that furthermore the overall 

2 performance of SEMI panels is not extremely sensitive to the ratio of the 
edge perimeter/panel area for large panels 

compressed insulation condition respectively was determined to be achievable 
for this size of tankage, 10 ft. (3.05 M) diameter x 20 ft. (6.1 M) overall 
length). 

A performance of 0.6 Btu/hr.-ft. 
(1.9 watts/M2) and 7.45 Btu/hr.-ft2 (23.47 WattS/M 2 ) for the recovered and 

2 2 
A ratio of 4 square inches (-002 M ) of VELCRO closure per ft. 2 (-09 M ) of SEMI panel was determined to provide acceptable casing stress levels 

for the expected 8.5 g combined longitudinal launch loadings. 

Thermal and dynamic testing of the SEMI insulated Model Tank, 
designed to simulate the full size SEMI system was completed. Testing of the 
Model System indicated nominal thermal performance for the insulation prior to 
and after the dynamic environment. An un-explainable pressure build-up- behind 
the panels, (between the panels and the tank) resulted in casing failure on 
two of the eight cErcumferentia1 panels, including minor spacer damage to one 
of the two failed panels. The remaining six circumferential panels did not 
appear to have sliffered any damage during the combined simulated launch test 
program. 
the exception of the panels damaged by the over pressure, were still intact. 
The three polar panels were failed, however that was also attributed to 
overpressure behind the panels. The foam spacers and shields suffered no 
damage during tests. 
measured in thermal tests of the recovered insulation system, i.e. space condi- 
bion, before and after the dynamic testing. 

) 
During disassembly, it was noted that the circumferential panels, with 

A heat flux of 1.3 Btu/Rr.-Ft.2 (4.1 watts/M2) was 

Sealing between panels, and maintaining the space behind the 
panels was again a troublesome area. With the present techniques, this 
operation is time consuming and quite prone to failure. Failures can occur as 
a result of folds in the casing materials, cracking of the seal material upon 
exposure to near cryogenic temperatures, or cracking due to casing flexure upon 
evacuation, Sealing between panels requires additional development effort in 
the future, 

3.1 Conclusions 

The SEMI system of cryopumpable pre-fabricated panel 
insulation is definitely applicable to hydrogen tankage. 
thermally in contracts NAS 3-6289 and NAS 3-7953, and again under this contract, 
where it was also demonstrated that the thermal performance and the SEMI system, 
is unaffected by the rigors of launch. 

This was demonstrated 
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Using VELCRO c l o s u r e s  t o  a t t a c h  t h e  pane l s  t o  each  o t h e r  
and t h e  t ank  h a s  been demonst ra ted  t o  be  a n  a c c e p t a b l e  t echn ique .  However, t h e  
r e s i s t a n c e  of t h e  4 p l y  Mylar c a s i n g  m a t e r i a l  t o  de l amina te  under t h e  p e e l  
stress from t h e  VELCRO should  b e  i n v e s t i g a t e d  and improved i f  p o s s i b l e .  
S e v e r a l  de l amina t ions  occur red  a t  d i sassembly ,  ( P o s t  T e s t  Eva lua t ion )  a l though  
t h e r e  w a s  no ev idence  of de l amina t ion  du r ing  dynamic t e s t i n g .  

The i n s u l a t i n g  m a t e r i a l s ,  namely, double a luminized  Mylar 
r a d i a t i o n  s h i e l d s  and t h e  t h i n  s l i c e d  r i g i d  open ce l l  polyure thane  foam s p a c e r s ,  
a r e  a c c e p t a b l e  f o r  s e r v i c e  i n  v i b r a t i o n ,  a c c e l e r a t i o n  and a c c o u s t i c  environments 

One d e f i n i t e  problem exists, and t h a t  i s  t h a t  a method of 
s a t i s f a c t o r i l y  s e a l i n g  between t h e  pane l s  must be developed i f  t h e  SEMI sys tem 
is t o  be s u c c e s s f u l l y  a p p l i e d ,  e s p e c i a l l y  i f  re -usable  v e h i c l e  requi rements  
a r e  t o  be met. 
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4.0 ANALYSIS AND TEST PWCEDURES 

4.1 F u l l  Scale  I n s u l a t i o n  System Design 

One o b j e c t i v e  of t h i s  program was t o  des ign  a Se l f  Evacuating 
M u l t i l a y e r  I n s u l a t i o n  system (SEMI) f o r  l i q u i d  hydrogen (LH2) tankage. S p e c i f i c a l l y ,  
t h e  d e s i g n  was f o r  a LH2 tank,  10 f e e t  (3.05M) i n  d iameter  by 20 f e e t  (6.1M) long, 
employing a n  i n n e r  s t a g e  s k i r t  a t  one end. 

The SEMI  system was developed by UCC, Linde Div i s ion  under 
c o n t r a c t s  NAS3-6289 and NAS3-7953. I n  t h e  p re sen t  form, i t  c o n s i s t s  of 6 r a d i a -  
t i o n  s h i e l d s  and 7 thermal s p a c e r s  enc losed  w i t h i n  a f l e x i b l e  cas ing .  This bag is  
f i l l e d  w i t h  Carbon Dioxide gas a t  atmospheric p re s su re ,  which upon exposure t o  
c r y o g e n i c a l l y  cooled  s u r f a c e  w i l l  condense t o  a s o l i d  s t a t e ,  e x h i b i t i n g  a vapor 
p re s su re  of less t h a n  0.1 micron (1 x lom4 t o r r ) .  (The p res su re  of pure Carbon 
Dioxide i s  1 x t o r r  a t  l i q u i d  n i t r o g e n  temperature -320.F. (77.K.)). 

The panels  a r e  i n s t a l l e d  i n  a t h r e e  l aye red  s h i n g l e d  f a sh ion .  
This permits  each panel t o  c o n t a c t  t h e  c ryogenic  s u r f a c e ,  t hus  producing the  
necessary  cryopumping phenomena. This system provides  an i n s u l a t i o n  wi th  mini- 
mum h e a t  t r a n s f e r  by r a d i a t i o n ,  s o l i d  conduct ion  and convec t ion  f o r  both ground 
hold and space c o n d i t i o n s ,  b u t  wi thout  t h e  vacuum pumping o r  purge equipment 
a s s o c i a t e d  w i t h  o t h e r  systems. The fo l lowing  subsec t ions  w i l l  de sc r ibe  the  
des ign  work performed i n  the a r e a s  of panel l ayou t ,  panel thermal a n a l y s i s  and 
panel s t r u c t u r a l  a n a l y s i s .  More complete w r i t e  ups on the  s t r u c t u r a l  and thermal 
a n a l y s i s  are inc luded  i n  the  a p p r o p r i a t e  r e fe renced  appendices.  i 

4.1.1 Panel Layout 

Panel c o n f i g u r a t i o n s  f o r  the  F u l l  Scale  I n s u l a t i o n  System 
a r e  d iv ided  i n t o  t h r e e  major groupings accord ing  t o  t ank  a r e a  covered: 

(A) P o l a r  s h i n g l e d  pane l s .  (For use on tank heads) .  

(B) Support s k i r t  o r  i n n e r  s k i r t  pane l s .  (For use on 
t ank  s k i r t ) .  

(C) Outer o r  c i r c u m f e r e n t i a l  pane l s .  (For use on t ank  
c i rcumference)  

Several  panel l a y o u t  c o n f i g u r a t i o n s  (see F igure  3)  have been 
determined f o r  each  of t h e  t h r e e  a r e a s .  
System" r e f e r s  t o  t h e  number of panels  t h a t  a r e  r equ i r ed  t o  complete one l a y e r  of 
panels  on t h e  t ank  f o r  t h a t  p a r t i c u l a r  s e c t i o n .  To complete a 3 l aye red  system, 
t h r e e  t i m e s  a s  many panels  a r e  r e q u i r e d .  Fo r  example under Sec t ion  A, p o l a r  
panels ,  s i z e s  f o r  a 3 panel ,  6 panel and 9 panel system a r e  l i s t e d .  
of a panel system f o r  t h i s  s e c t i o n  from the  t h r e e  a v a i l a b l e  "Panel Systems" 
1 i s t e d i n E i g u r e  3 would t h e n  be eva lua ted  based upon ach iev ing  a des ign  t h a t  
allows economic and r e a l i s t i c  panel s i z e s  i n  regards  t o  h a n d l e a b i l i t y  and maximiz- 
ing the  thermal performance. This  same e x p l a n a t i o n  holds t r u e  f o r  the I n n e r  S k i r t  

I n  F igu re  3 the  column heading "Panel 

F i n a l  choice 
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PANEL CONFIGURATIONS - FULL SCALE INSULATION 

TASKI- NAS 3-12045 

Polar Shiiigfed Panels 

60-inch Spherical Radius 

- a. - 

h 

B. 

5B 

Panel Total Panel Size (Inches) 
System Panels R'qd AA BB cc 

3 3 109 82 44 
6 6 55 41 2 2  
9 9 36 2 7  15 

I 

r 
Panel System 

Panel Width - Inches 

3 6 9 

44 
82 

109 
119 
126 
126 
126 

22  
41 
55 
60 
63 
63 
63 

15 
27  
36 
40 
42 
42 
42 

27 
3 6  
40 
42 

2 

55 
60 
63 

Total Panels Required 9 18 
- - 

36 
40 
42 

27 
- 
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FIGURE 3 (Cont@d.) 

C. Outer Panels (Circumferential Shinsled) 

I 

OUTER 
' ( I  (SECT c)  

Panel System 

Style 

12 GG 
HH 
TT 

18 GG 
HH 
TT 

/ 

AREA 

W 

No. Req'd Panel-Size (Inches) Step 

R W l?' W '  

12 (6 each end) 60 96 1 2  3 2  
12 (6 each  end) 90 96 12  3 2  
18 60 96 - 

18 (9  each end) 24 63 6 2 1  
18 (9 each  end) 36 63 6 2 1  

63 - 135 24 
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panels  (Sect ion B)  and the  Circumferent ia l  panels  (Sect ion C ) .  This does not imply 
t h a t  only l i k e  panel systems from the  var ious  s e c t i o n s  can be used i n  the f i n a l  
design.  What t h i s  does mean i s  t h a t  panels  having dimensions s i m i l a r  t o  t h a t  of 
rvA'e (A, Figure 3 )  w i l l  r equi re  t h a t  number of panels  wrapped i n  p o l a r  fash ion  t o  
provide the necessary th ree  layered  sh ingled  p o l a r  cap in su la t ion .  For example, 
using Sec t ion  A, a t h ree  panel s e c t i o n  of po la r  caps could be combined wi th  a 
s i x  panel system f o r  the  inne r  support  s k i r t  (Sect ion B) and the  twelve o r  e ighteen  
panel system f o r  t h e  ou t s ide  c i rcumferent ia l  panels  (Sect ion C), Likewise i n  
Sec t ion  B, panel s t y l e  FF i n  any conf igu ra t ion  i s  only 20 inches ( .51M) wide, and 
the re fo re ,  it i s  q u i t e  f e a s i b l e  t o  use the  th ree  panel system f o r  FF (panel s i z e  
20 i n  x 126  i n )  ( .51M x 3.2M) while  using the  nine panel system f o r  s t y l e  DD 
(panel s i z e  42 i n  x 86 i n )  (1.07M x 2.18M) i n  o rde r  t o  permit u t i l i z i n g  l a r g e r  
panel s i z e s .  

I n  regards t o  s i z i n g  the  c i r cumfe ren t i a l  panels,  Sec t ion  C, 
t he  panel system number must be a n  even number i . e .  4 ,  6, 8 e tc .  i n  o rde r  t h a t  
the  th ree  layered  and t h e  s tepped end condi t ions  can be accomplished. 
s tepped end is  an  at tempt  t o  match the  panel temperature p r o f i l e  t o  t h a t  of the 
support  s k i r t .  
r a d i a t i o n  lo s ses ,  every o t h e r  panel ( s t y l e  HH) must be ha l f  aga in  a s  long a s  
i t s  ad jacent  panel ( s t y l e  GG). 

The panel 

I n  o rde r  t o  maintain a h a l f  lapped j o i n t  conf igu ra t ion  t o  reduce 

4.1.2 The rmal Analys is  

The thermal performance of a sh ingled  i n s u l a t i o n  system 
f o r  hydrogen tankage wi th  a n  i n t e r s t a g e  support  s k i r t  was analyzed. For  
purposes of the  ana lys i s ,  t he  tank i s  regarded a s  a cy l inde r ,  10 f t .  (3.05M) 
long and 1 0  f t .  (3.05M) i n  diameter,  w i th  hemispherical  heads. The o v e r a l l  
l eng th  i s  20 f t .  (6.1M)a 

The a n a l y s i s  of  such a system is complicated by the  f a c t  t h a t  
only a po r t ion  of t he  hea t  i n f l u x  occurs i n  the  ord inary  manner through the  
panels .  Indeed, except  near  t h e  edges, conduc t iv i t i e s  of such i n s u l a t i o n  panels 
i n  a d i r e c t i o n  normal t o  t h e i r  r a d i a t i o n  s h i e l d s  a r e  gene ra l ly  very low and i f  
a l l  hea t  i n f l u x  could be confined t o  t h i s  mechanism, the  i n s u l a t i o n  t a s k  (and 
problem of a n a l y s i s )  would be minimal. Panel edge e f f e c t s  would be s t r i c t l y  
l o c a l  i n  c h a r a c t e r  and might be rendered i n s i g n i f i c a n t  by d i s c r e t e  s t ack ing  of 
the  panels  t o  conceal the  b u t t  j o i n t s .  I n  f a c t ,  however, even though the  panels  
a r e  c a r e f u l l y  overlapped t o  minimize edge e f f e c t s ,  t he  cas ings  and r a d i a t i o n  
s h i e l d s  provide a l t e r n a t i v e  hea t  paths which, through comparatively long and 
tor tuous ,  become s i g n i f i c a n t  because of t h e  r e l a t i v e l y  high l a t e r a l  conduc t iv i t i e s  
involved. Thus, t he  edge e f f e c t s  a r e  by no means l o c a l ,  and ana lys i s  of such a 
system i s  a f u l l y  th ree  dimensional problem of v a s t  scope, complicated because 
of i t s  h ighly  i m p l i c i t  cha rac t e r ;  the  thermal f l u x  a t  any poin t  genera l ly  depends 
on temperatures everywhere e l s e  i n  the  system. Mathematically, t h i s  means t h a t  
t he  ana lys i s  r equ i r e s  enormous s e t s  of simultaneous equat ions,  The a s soc ia t ed  
problems of da t a  s to rage  and round of f  e r r o r  a r e  near ly  inseparable  unless  we 
e x p l o i t  the  s t r u c t u r e  of the  system, t o  "whit t le"  the problem down t o  a t r a c t a b l e  
s i z e -  

12 



There is ,  of course,  a c l o s e  analogy between t h e  a c t u a l  phys i ca l  
s t r u c t u r e  of  the  system and the  mathematical s t r u c t u r e  of the  governing equa t ions  
Thus, even be fo re  w r i t i n g  down any equa t ions ,  we can e f f e c t  most of our  economics 
v i a  phys i ca l  obse rva t ions .  The f i r s t  t h i n g  t o  be noted is  t h a t ,  because of long-  
i t u d i n a l  symetry, we need analyze only h a l f  of the a c t u a l  system. 
imagine a plane normal t o  the  c e n t r a l  a x i s  and pass ing  through i t s  midpoint. The 
i n t e r v e n t i o n  of t h i s  plane w i t h  t h e  i n s u l a t i o n  l a y e r s  can  be i n t e r p r e t e d  as  an 
a d i a b a t i c  boundary. 

Thus, we can  

Next t o  be observed is t h a t  the  i n s u l a t i o n  temperatures w i l l  
possess  some p e r i o d i c i t y  i n  a c i r c u m f e r e n t i a l  d i r e c t i o n ,  depending on the manner 
i n  which the  panels  a r e  wrapped. Thus, panels  on t h e  c y l i n d r i c a l  p o r t i o n  a r e  so  
overlapped c i r c u m f e r e n t i a l l y  t h a t  the  s t r u c t u r e  r e p e a t s  i t s e l f  every 60° f o r  the 
6 panel system. 
here  a wider  v a r i e t y  of panel s i z e s  can  be employed; depending on the  panel s i z e ,  
p e r i o d i c i t i e s  of 3 0 ° ,  60°, o r  120' may p r e v a i l  i n  the  s t r u c t u r e .  It seems need- 
l e s s  t o  ana lyze  more t h a n  one b a s i c  i n t e r v a l  i n  the  c i r c u m f e r e n t i a l  d i r e c t i o n ,  
but  i t  should  be noted t h a t  the  c y l i n d r i c a l  and s p h e r i c a l  p o r t i o n s  i n t e r a c t  and 
thus may d i s p l a y  temperature pe r iods  which a r e  m u l t i p l e s  o r  f r a c t i o n s  of t h e i r  
b a s i c  phys i ca l  p e r i o d i c i t y .  

S i m i l a r  p e r i o d i c i t i e s  e x i s t  i n  the  hemispher ica l  p o r t i o n s ,  but  

A p o s s i b l e  s i m p l i f i c a t i o n  sugges t s  i t s e l f  here ,  however, 
r e l a t e d  t o  t h e  way i n  which the  c y l i n d r i c a l  and s p h e r i c a l  p o r t i o n s  a r e  p h y s i c a l l y  
jo ined .  Indeed, t h e  i n s u l a t i o n  panels  of the c y l i n d r i c a l  p o r t i o n  nowhere d i r e c t l y  
c o n t a c t  those o f  t h e  hemispher ica l  p o r t i o n s ;  a t  t h e i r  apparent  j u n c t i o n  they a r e  

(0.069 i nch )  (1.5 x l O - 3 M )  and conduct ive  (0.2 B t u / f t .  h r  OF. (1.25 x lo3  j o u l e  
p e r  M 
of tempera tures  i n  c i r c u m f e r e n t i a l  d i r e c t i o n .  Thus, i t  seems reasonable  t o  
regard t h e  f i b e r g l a s s  as  an i n f i n i t e l y  good conductor i n  the  c i r c u m f e r e n t i a l  
(not,  of course,  t h e  l o n g i t u d i n a l )  d i r e c t i o n .  I n  t h i s  way we can  dispense w i t h  
i n t e r f e r e n c e  of p e r i o d i c i t i e s  between temperature p a t t e r n s  i n  t h e  c y l i n d e r  and 
head. Any s m a l l  e r r o r  in t roduced  by t h i s  assumption regard ing  c o n d u c t i v i t y  of 
the  f i b e r g l a s s  s k i r t  w i l l  be on t h e  conse rva t ive  s i d e ,  i . e . ,  it w i l l  tend t o  
ove r  e s t i m a t e  h e a t  l e a k  i n t o  t h e  system, The s k i r t  assumption i s  s t r a t e g i c  i n  
more ways t h a n  one, a s  w i l l  be shown. 

t sepa ra t ed  by t h e  f i b e r g l a s s  suppor t  s k i r t .  Because i t  i s  r e l a t i v e l y  t h i c k  

Sec'K), the s k i r t  should  indeed a c t  t o  a t t e n u a t e  the p e r i o d i c  behavior  

Thus i n  summarizing, a program was prepared, expres s ing  the  
h e a t  t r a n s f e r  terms of tempera tures  a long  the  f i b e r g l a s s  suppor t  s k i r t ,  which i s  
a common and l o g i c a l  i n t e r f a c e  between t h e  c i r c u m f e r e n t i a l  and the  p o l a r  s h i n g l e  
panels,  i t  was more simple t o  w r i t e  a new program r a t h e r  t h a n  a t tempt  t o  r e w r i t e  
the program 
panel program a n a l y s i s  from c o n t r a c t  NAS 3-7953 was modified t o  account f o r  the 
c y l i n d r i c a l  suppor t  s k i r t  r a t h e r  t han  t h e  c o n i c a l  suppor t  s t r u c t u r e  used on t h a t  
c o n t r a c t .  A b r i e f  d e s c r i p t i o n  of t h e s e  changes a r e  l i s t e d  below; 

used i n  t h e  previous c a l o r i m e t e r  a n a l y s i s  from NAS 3-6289. The p o l a r  

The technique f o r  computing the tempera tures  w i t h i n  the 
i n s u l a t i o n  system on the  hemispher ica l  ends and i n s i d e  s u r f a c e s  of the support  
s k i r t  i s  o u t l i n e d  i n  Appendix No. 5, NASA C R  72363, which desc r ibes  an e a r l i e r ,  
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s i m i l a r  ana lys i s  on the  82,6 inch  (2,09M) sphe r i ca l  t ank ,  The technique e s s e n t i a l l y  
c o n s i s t s  of s e t t i n g  up a f i n i t e - d i f f e r e n c e  mesh wi th in  the  i n s u l a t i o n  and d i s c r e t i z -  
i ng  the  s t eady- s t a t e  Four i e r  hea t  conduction equat ion-  a t  each mesh point ,  thereby 
genera t ing  a system of l i n e a r  equat ions .  Since the c o e f f i c i e n t  matr ix  f o r  t h i s  
system of equat ions i s  b lock- t r id iagonal ,  t he  equat ions can be solved using a 
mat r ix  analogue of the Gauss El imina t ion  technique f o r  t r i d i agona l  systems. 

The e s s e n t i a l  d i f f e rences  between the  two analyses  a r e  descr ibed 
below. I n  the  o r i g i n a l  ana lys i s ,  the  temperatures w i t h i n  the  support  s t r u c t u r e  
were unknown and v a r i a b l e  i n  the  c i rcumferent ia l  d i r e c t i o n .  In t he  present  ana lys i s ,  
these  temperatures a r e  assumed t o  be independent of c i rcumferent ia l  p o s i t i o n  and 
t o  vary l i n e a r l y  between ambient and cryogenic .  These temperatures a re  thus known 
and serve  as  boundary condi t ions  f o r  t h e  system of equat ions.  Also, whereas the  
o r i g i n a l  ana lys i s  includes the  i n s u l a t i o n  on two hemispheres plus  both s i d e s  of 
the  support  s k i r t ,  the  present  ana lys i s  only inc ludes  one hemisphere and the  
i n s i d e  su r face  of t he  s k i r t .  (The outs ide  of t h e  s k i r t  is  p a r t  of the c y l i n d r i c a l  
ana lys i s .  ) 

In both analyses ,  the  i n s u l a t i o n  system div ides  i n t o  "zones" 
due t o  the  changing overlap conf igura t ion .  The hemisphere i n s u l a t i o n  d iv ides  
i n t o  fou r  zones, t he  s k i r t  i n s u l a t i o n  i n t o  t h r e e .  However, i n  t he  o r i g i n a l  
ana lys i s  the  number of l ong i tud ina l  mesh pos i t i ons  was f i x e d  a t  two per  hemi- 
sphere zones and one per  s k i r t  zone f o r  a t o t a l  of 11. In t h e  present  ana lys i s ,  
t he  number of pos i t i ons  i s  v a r i a b l e  from 1 t o  10 f o r  a l l  zones. Also ,  t he  
angular  d i s t ance  between c i r cumfe ren t i a l  mesh pos i t i ons  has been halved i n  the  
present  ana lys i s ,  from 15' t o  7-1/2', thus  permi t t ing  a f i n e r  mesh and consequently 
more accura te  r e s u l t s  

Computer r e s u l t s  of t h ree  systems of var ious panel s i z e s ,  
(Panel s i z e s  a r e  l i s t e d  i n  Sec t ion  4.1.1) a r e  presented i n  Table 1. 
cases  as  presented a r e  t h e  r e s u l t s  of  the  computer ana lys i s  i nd ica t ing  the  panel 
combinations lead ing  t o  performance c l a s s i f i e d  i n  Table 1 under Computer Analysis 
a s  : 

The t h r e e  

a .  Best 
b. Realistic 
c. Poorest  

I n  the "best" performance category,  t he  panel system was 
designed t o  minimize j o i n t  hea t  leak ,  and use the  l a r g e s t  poss ib le  panels con- 
s i s t e n t  wi th  achieving a cryopumping design.  A t  the  o t h e r  extreme, the  panels  
were s e l e c t e d  t o  achieve small  panel s i z e s ,  thereby providing maximum handl ing 
ease ,  thus reducing thermal performance. The t h i r d  case,  l abe led  " r e a l i s t i c s g  
attempted t o  achieve cryopumpable design, while cons ider ing  both handling and 
performance requirements i n  terms of panel s i z e s  I 

Resul ts  of t h e  computer ana lys i s  f o r  t h e  f i n a l  des ign  
( r e a l i s t i c  case)  of the  f u l l  s c a l e  i n s u l a t i o n  shown on Figure 4 (SK-106295) a r e  
4017.2 Btu per  hour (1177 Watts) f o r  t he  compressed case (ground hold)  and 
323.7 Btu pe r  hour (94,8 Watts)  f o r  the  uncompressed o r  space condi t ion ,  This 
i s  determined t o  be a hea t  f l u x  of 7.45  Btu p e r  hour f t 2  (23.47 Watts p e r  M2,) 
and 0,60 Btu p e r  hour f t , *  (1,89 Watts p e r  M2) r e spec t ive ly .  
the  e f f e c t  the  number of head panels  has on performance. 

Figure 5 shows 
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(D )  ATTACHMENT (VELCRO) TYP I CAL 

-2” X 3” S T R I P S  OF NO. 65 
LCRO CLOSURE W I T H  

S A - 0 1  45A COAT I NG e 

I NSTALL P I LE HOR I ZONTAL 
(CIRCUMFERENTIALLY ON 
HORIZONTAL SURFACES) 
INSTALL LOOP VERT I CAL 

su RFACE s 1 
(RAD I A L L m  HOR 1 ZONTAL 

4SSEMBLY NOTES 

1. VELCRO TO BE LOCATED ON EACH PANEL I N  SUCH A PATTERN 
THAT EACH SQUARE FOOT OF INSULATION PANEL CONTAINS 
4 IN’ OF VELCRO CLOSURE. 

2. DISTANCE FROM CLOSEST E GE OF VELCRO ATTACHMENT TO 
EDGE OF PANEL TO BE 2’E 

SURFACE TO B E  WIPED W I T H  METHYL ETHYL KETONE (MEK) 
AND ALLOWED TO A I R  DRY, PRIOR TO PLACING VELCRO. 
VELCRO ADHESIVE BACKING TO BE RE-CONSTITUTED W I T H  
A SINGLE MEK WIP AND ALLOWED TO BECOME TACKY 

MATELY 3 M I N  TES) BEFORE POS I T I  ON I NG e 

1/4’8. 

3 .  

AT AMB I ENT TEMPERATURES AND 
URFACES SHOULD BE 
RUSH, AND THEN 
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TABLE 1 

CALCWTED FULL SCALE INSULATION PERFORMANCE 

I. Computer Analysis (a) 

A. Best Performance 

(1) Gi.rcumferentia1-12 pawl  
( 2 )  Head - 3 panel system 

TOTAL 

B. Rea l i s t i c  (shown SK-106295) 

(1) Circumferential-18 panel 
( 2 )  Head 6 panel 

TOTAL 

C. Poorest  Performance 

(1) Circumferential-18 panel 
(2) Head - 1 2  panel 

TOTAL 

11. F l a t  P l a t e  Data (NAS 3-7953) (b) 

PT-6 Configuration 
(CR 72363 - pg.13) 

TOTAL 

111. Calorimeter (Ref. CR 72363)  

Total - Computer(a) 

Total  - Test 

AVERAGE HEAT FLUX 
Btu/hr. f t2 (Watts/M2) 

Compressed Uncom- 
@ 1 atm. pressed 

7.05 
7.95 

7.2 (22.7)  

- 

7.30 
8.28 

7.45 (23.5) 

- 

7.30 
8.96 

7.58 (23.9)  

- 

6.47 (20.4)  

- 
10.0( ' ) (31.5)  

.53 

.54 

.53 (1 .67 )  

- 

.60 

.61 

.60(1.89) 

- 

.60 

.82 

.64 (2.01)  

- 

.13 ( .41)  
@ .01 p s i  

.45 (1 .42 )  

.63(1.97)  

TOTAL HEAT LEAK 
Btu/hr. (Watts) 

Compre s sed Uncom- 
@ 1 atm. pressed 

3177.4 
701.4 - 

236.9 
47.1 - 

3879.8 (1138 .O> 284.0 (83.3) 

3286.2 
731.1 - 

270.0 
53.7 - 

4017.3(1177.0) 323.7 (94.8)  

3286.2 
791.5 - 

270.0 
72.5 - 

4077.7 (1195 .O )  342.5 (100.4) 

3480 (1020.0) 70.0 (20.5)  

242.0(71 . O )  

5384.0(C)(158Q.0)  339.5(99.5) 

(a) 

(b) 

Based on normal conduct iv i ty  numbers computed from f l a t  p l a t e  da ta .  

F l a t  p l a t  da ta  does not account f o r  edge lo s ses  therefore  numbers a re  the  theo re t i ca l  low 
l i m i t  f o r  t h i s  i n su la t ion .  

Calorimeter da ta  f o r  the compressed case was not obtained a t  steady s t a t e  conditions.  (c )  
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From the  ana lys i s ,  i t  was determined t h a t  panel s i z e  va r i a t ions  
do not as  g r e a t l y  inf luence  the performance as  was expected. For the panel com- 
b ina t ions  t r i e d ,  the  range of thermal performance of the  compressed cases  var ied  
by l e s s  than  5% while the uncompressed cases  var ied  by l e s s  than 20%. For a com- 
b ina t ion  of panels  t h a t  a r e  considered t o  be a r e a l i s t i c  case,  t h a t  is  based on 
panels of a reasonable s i z e ,  t h a t  can be r ead i ly  f ab r i ca t ed ,  the t o t a l  heat  leak  
was degraded by 5% f o r  the  compressed case and 15% f o r  the  uncompressed case,  as 
compared t o  the  bes t  system t r i e d .  

Refering t o  Figure 4 (sheet  3 of 4 )  i t  i s  noted t h a t  panels,  
S ty le  GG and HH, a r e  s tepped along the  l eng th  d i r e c t i o n  (L ' ) .  The reason f o r  
t h i s  i s  t o  a l low the i n s u l a t i o n  panel t o  assume the  des i r ed  temperature p r o f i l e ,  
thereby having a one l a y e r  i n s u l a t i o n  thickness  near  ambient, two l aye r s  a t  the 
intermediate  s e c t i o n  and f i n a l l y  achieving the  f u l l  t h ree  l a y e r  system a t  the 
cryogenic temperature s e c t i o n s .  D i f f e ren t  l eng th  s t eps  were run on the  com- 
pu te r  t o  determine the  e f f e c t  on i n s u l a t i o n  performance. The r e s u l t s  i nd ica t e  
very l i t t l e  d i f f e rence  between s t e p s  of 3 ,  6 o r  9 inches.  Apparently, the  
thermal r e s i s t ance  approaches a l i m i t i n g  value i n  a r e l a t i v e l y  s h o r t  l ength .  
This was demonstrated by changing the  end dimensions of the  1 2  panel c y l i n d r i c a l  
system. The same r e s u l t s  would be obtained f o r  the  18 panel c y l i n d r i c a l  system, 
and f o r  the  var ious head panel systems. It i s ,  however, necessary t o  provide 
a stepped end i n s u l a t i o n  t o  e s t a b l i s h  a favorable  temperature p r o f i l e ,  t o  avoid 
an  excessive hea t  l eak .  

4 . 1 . 3  S t r u c t u r a l  Analysis 

The s t r u c t u r a l  ana lys i s  of the i n s u l a t i o n  system was 
concerned wi th  determining the  e f f e c t  of t he  launch environment on the  panel 
casings,  attachment poin ts  and foam spacers ,  and t o  devise  a design t o  pro- 
vide s u f f i c i e n t  attachment and reinforcements t o  l i m i t  these s t r e s s e s  * The 
s t r e s s e s  .considered a r e  a r e s u l t  of a combination of thermal and mechanically 
induced loadings,  a s  s t a t e d  i n  the fol lowing summary. A summary of the  r e s u l t s  
of the s t r u c t u r a l  ana lys i s  of the  f u l l  s c a l e  i n s u l a t i o n  system is  included 
below. A complete write-up i s  included i n  Appendix 1. 

1. Negligible  thermal con t r ac t ion  ( therefore  s t r e s s )  
occurs i n  Mylar between 77OK and 20°K and, therefore ,  i t  i s  not necessary t o  
perform the dynamic t e s t s  a t  Goddard us ing  l i q u i d  hydrogen (Narmco adhesives,  
t o  be used i n  the panels,  have previously been i n  20°K. se rv i ce  wi th  acceptable  
r e s u l t s .  

2. The SEMI panels should be a t tached  t o  the  tank face 
and each o t h e r  wi th  VELCRO f a s t ene r s  r a t h e r  than  adhesive,  t o  allow f o r  
d i f f e r e n t i a l  thermal con t r ac t ions  between tank and cas ings .  

3 .  Late ra l  dynamic loadings of up t o  5g and longi tudina l  
combined a c c e l e r a t i o n  and v i b r a t i o n  l e v e l s  of t 8.5 g w i l l  r e s u l t  p r imar i ly  i n  
shea r  stresses on the  o rde r  of 2.0 p s i  (1.38 x 
e a s i l y  c a r r i e d  by VELCRO f a s t e n e r  design.  Peel forces  a re  expected t o  be 
neg l ig ib l e  s ince  the  panels  a r e  not  expected t o  buckle between VELCRO supports .  
To reduce the expected peel  forces  a t  the  edge of the  panels the VELCRO 

newton per  M2) which a re  

f a s t e n e r  should be placed no c l o s e r  than 2 inches (5.1 x 10- 5 M) t o  the  panel edge. 
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4 .  An attachment r a t i o  of fou r  square inches ( 2 . 4  x M 2 )  
of ~ L C R J )  c losure  pe r  square f o o t  (9 x 10-2 H2) of panel is required t o  l i m i t  s t r e s s .  

5. Buckling caused by longi tudina l  loads i s  not expected t o  
f a i l  the  foam sepa ra to r s  .. 

6 .  The panel casing s e a l  stress is  not expected t o  exceed 
1 .77  l b .  p e r  inch ( 3 . 1  x l o 2  newtons per  meter) of s ea l ,  which is  l e s s  than the  peel 
s t r e n g t h  of SEMI panel j o i n t s .  
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4.2 Model System 

An ob jec t ive  of t h i s  program was t o  design and f a b r i c a t e  a 
sub s c a l e  model of the  F u l l  Scale I n s u l a t i o n  System, including the design and 
f a b r i c a t i o h  of the t e s t  tank. S p e c i f i c a l l y ,  the SEMI system was designed f o r  
a 30 inch diameter (.76M) tank, having hemispherical heads, a 22 inch (.56M) 
long c y l i n d r i c a l  c e n t e r  s e c t i o n  and a simulated i n t e r s t a g e  s k i r t  a t  one end. 
Overall  l eng th  of the t e s t  tank including the support  pipe was 70 inches (1.78M). 

Although panel s i z e s ,  and attachments were sca l ed  t o  evaluate  
the F u l l  Scale Insu la t ion ,  the SEMI system remiins a t  7 thermal spacers  and 6 
r a d i a t i o n  s h i e l d s  enclosed w i t h i n  the 4 ply aluminized Mylar casing.  An i m -  
permeable b a r r i e r  of Mylar-Aluminum Foil-Mylar laminate was bonded t o  the a i r  
exposed su r face  of a l l  panels t o  reduce a i r  permeation i n t o  the panels and 
carbon dioxide out of the panels.  The following subsect ions descr ibe the 
var ious design, f a b r i c a t i o n  and t e s t s  of a l l  Model System components. 

4.2.1 Design 

The following s e c t i o n s  descr ibe the e f f o r t s  expended on 
i n t e r i a c e  s c a l i n g ,  panel layout ,  thermal ana lys i s ,  and s t r u c t u r a l  ana lys i s  of 
the panels,  t e s t  tank, and r e l a t e d  equipment. 

4.2.1.1 I n t e r f a c e  Scal i n q  

The primary method and purpose of s c a l i n g  the f u l l  s i z e  
i n s u l a t i o n  system t o  produce a model system f o r  t e s t  purposes was t o  note 
p a r t i c u l a r l y  the s t r u c t u r a l  aspects ,  namely panel s ized ,  attachment points ,  
and loadings due t o  thermal, mechanical o r  dynamic condi t ions,  e t c .  The s i z e  
of the t e s t  tank was not n e c e s s a r i l y  the deciding f a c t o r  i n  sca l ing ,  as  the 
tank was l i m i t e d  by physical  c o n s t r a i n t s ,  i . e . ,  t e s t  f a c i l i t i e s  and/or con- 
t r a c t u r a l  requirements.  The ob jec t ive  of t h i s  con t r ac t ,  considered the panel 
s t r u c t u r a l  ana lys i s  t o  be of primary importance, wi th  the  thermal ana lys i s  
being used t o  observe t r a d e o f f s  i n  the i n s u l a t i o n  system. The expected 
thermal performance of both the f u l l  s i z e  and the model system i n s u l a t i o n  
designs were c a l c u l a t e d .  Thermal s c a l i n g  was not a primary p a r t  of the work 
e f f o r t ,  but  was performed wi th  the understanding t h a t  the thermal performance 
could not be completely ignored. S t r u c t u r a l  performance could not be gained 
o r  improved a t  the expense of downgrading the  thermal performance. 

I n  view of t h i s ,  c e r t a i n  s i m i l a r i t i e s  between the Model 
system and the  F u l l  Scale System have been observed. 

1. Both systems involved a c y l i n d r i c a l  tank with 
an in su la t ed  bulkhead and i n t e r s t a g e  s k i r t  a t  one end. 

2 .  Both systems would be in su la t ed  with the same 
ma te r i a l s ,  and the tankage is  made of the same ma te r i a l s ,  and, t he re fo re ,  the 
thermal c o n t r a c t i o n  would be the same e 
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3. Both systems u t i l i z e d  three layers  of shingled 
SEMI panels consis t ing of seven composite foam layers  and s i x  aluminized 
Mylar radiat ion sh ie lds  i n  a four  ply laminate of aluminized Mylar casing 
materials (Same as employed i n  contract  NAS3-7953) 

12  Panel 90" x 96" 1.83 
(2.29M fr 2.44M) 

18 Panel 36'' x 63" 95 
(.91M x 1.60M) 

4. Panels can be s ized such tha t  panel area-to- 
j o i n t  length r a t i o s  of the circumferential  panels a r e  s imi l a r  f o r  both systems ~ 

For example, 

1 I F u l l  Size System Model System I 

4 Panel 38" x 70.5" 1.03 
(.97M x 1.79M) 

6 Panel 38" x 48" .88 
(.97M x 1.22M) 

I I 1 

Panel Area System Panel Size Ratio Panel Area 
Ratio J o i n t  Length Soint Length1 Svstem Panel Size I 1- 

Likewise, several  d i s s i m i l a r i t i e s  between the two systems 
were noted. 

1. Tank s i z e  - The Model system i s  approximately 1 /4  
s i z e ,  as dictated by the physical cons t ra ins t ,  namely test  f a c i l i t i e s .  

Fu l l  Scale System 10 f t .  diameter x 20 f t .  long (3.05M x 6:lM) 
Model System 30 in .  diameter x 68 i n .  long (.76M x 1.73M) 

This r e s u l t s  i n  a model system insu la t ion  length consisting basical ly  of only 
two ends of the f u l l  s ca l e  in su la t ion  system, without the cen te r  s ec t ion  of panels. 
This compromise does not a f f e c t  the  s t r u c t u r a l  requirements of the model system. 
Addition of the cen te r  s ec t ion  panels with subsequent smaller panel s i z e s  would 
ser iously degrade the thermal performance of the model systan.  The model tank 
diameter does provide a d i f f e r e n t  panel curvature and, therefore,  might possibly 
make the panels s t ronger  due t o  t h i s  increased curvature over t h a t  of the f u l l  
s i z e  insu la t ion .  This, however, is  a compromise tha t  must be made. The smaller 
diameter of the model system a l s o  e f f e c t s  the s i z e  of the polar  panels, and the 
length of the insulated s k i r t ,  which decreases t o  9 i n  (.23M) f o r  the model tank 
as compared t o  a 34 in.  (.86M) insulated s k i r t  on the f u l l  s i z e  insu la t ion .  

2.  Because of the d i f f e r e n t  methods of tank support, 
there  i s  no cor re l a t ion  on heat leaks v i a  the piping o r  support s k i r t  of the 
two systems e 
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I n  summary, t he re fo re ,  the model system tank dimensions 
were d i c t a t e d  more as  a r e s u l t  of physical  t e s t i n g  r e s t r a i n t s  than a s  a r e s u l t  
of s c a l e  down of the f u l l  s c a l e  i n s u l a t i o n  system. The o v e r a l l  l eng th  of the 
model system t e s t e r  was l i m i t e d  t o  72 inches a t  the NASA Plumbrook S t a t i o n  
F a c i l i t y ,  Sandusky, Ohio. Scal ing the  two systems f o r  o the r  than geometric 
c o r r e l a t i o n  was not f e a s i b l e .  For  example, no c o r r e l a t i o n  ex i s t ed  between 
the  hea t  l e a k  of the  two systems a t  e i t h e r  the  s k i r t  s e c t i o n  o r  f i l l  p ipes .  
This i s  because the  s k i r t  s e c t i o n  of the  model system was not designed as  a 
load  ca r ry ing  s t r u c t u r e  and, t he re fo re  r e s u l t e d  i n  a much l i g h t e r  s t r u c t u r e  
than the  f u l l  s i z e  system. The inverse  is t r u e  f o r  t he  f i l l  and d r a i n  l i n e s  
s ince  the model system was t o t a l l y  supported by a s i n g l e  c e n t r a l l y  loca ted  
pipe during thermal and dynamic t e s t i n g  as  wel l  as  during t r anspor t a t ion .  
Therefore,  the  model tank  was s i z e d  by the  physical  r e s t r a i n t s  discussed above, 
while the  i n s u l a t i o n  system was designed using panels of a s i m i l a r  s i z e  as used 
on the f u l l  s c a l e  i n s u l a t i o n  system, and i n  general  following the same i n s t a l l a -  
t i o n  scheme as  the  f u l l  s i z e  i n s u l a t i o n  i n  regards t o  attachments,  i . e .  panel 
a r ea  t o  VELCRO attachment a rea  r a t i o s  panel- to-panel  j o i n t s ,  s e a l s ,  e t c .  

Panel Layout - Model System I n s u l a t i o n  

A s  a r e s u l t  of the s c a l i n g  ana lys i s ,  the  model system used 
a fou r  panel i n s u l a t i o n  system of 38 x 70.5" (.97M x 1.79M) panels which a r e  
s i m i l a r  i n  s i z e  t o  the  f u l l  s i z e  i n s u l a t i o n  panels  on the 18 panel system. 
The head panels  (polar  sh ing le  pane ls )  and the  support  s k i r t  panels were not  
s ca l eab le .  Approximate panel s i z e s  f o r  the  model system a re  l i s t e d  i n  Figure 6 .  

4.2.1.2 The rmal Analysis 

I n  o rde r  t o  p r e d i c t  the performance of the  model system, the 
computer program w r i t t e n  t o  eva lua te  thermal performance of the  F u l l  Scale i n -  
s u l a t i o n  system was rev ised  t o  c a l c u l a t e  both ground hold and space condi t ions .  
An add i t iona l  rou t ine  t o  cover  the  performance of the i n s u l a t i o n  system around 
the  support  head was added t o  the  o r i g i n a l  program (See Appendix 2 ) .  

The predic ted  thermal performance of the model system i s  
340.0 (99.6) and 6 6 . 3  (19.4) Btu pe r  hour (Watts) r e spec t ive ly  f o r  the compressed 
and recovered space condi t ions  as  presented i n  Table 2 .  For  comparison purposes, 
model tank  performance c a l c u l a t e d  using f l a t  p l a t e  da t a  and ca lor imeter  da t a  
determined from Contract  NAS3-7953 is  a l s o  included i n  Table 2.  A s  expected, 
the uncompressed da ta  ca l cu la t ed  from f l a t  p l a t e  and ca lor imeter  t e s t s  was much 
lower than  the computer ana lys i s  of the  model tank. This i s  probably a t t r i b u t -  
ab le  t o  the  model tank conf igu ra t ion  and i s  i n d i c a t i v e  of end condi t ion  p e n a l t i e s .  
It must be remembered t h a t  although these  c i rcumferent ia l  panels a r e  of the same 
s i z e  ( fo r  s t r u c t u r a l  purposes) a s  t he  18 panel F u l l  Scale Insu la t ion ,  the over-  
a l l  thermal performance i s  not  t he  same. I n  e f f e c t ,  the  model tank thermally 
c o n s i s t s  only of the  two ends of the F u l l  Size 18 panel i n s u l a t i o n  system. The 
accompaning thermal p e n a l t i e s  when appl ied  t o  a much smal le r  ove ra l l  panel a rea ,  
caused the  average panel hea t  f l u x  t o  be s i g n i f i c a n t l y  higher .  Likewise, the  
uncompressed i n n e r  s k i r t  and p o l a r  panel ca l cu la t ed  da ta  was lower than the  com- 
puted da ta  f o r  the model tank. This i s  due t o  the  r e l a t i v e  panel s i z e s ,  and 
subsequent l a rge  edge e f f e c t  p e n a l t i e s  which were included f n  the computer 
ana lys i s  but  were not accountable i n  the  ca l cu la t ions  presented using the f l a t  
p l a t e  o r  ca lo r ime te r  t e s t  da t a .  
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FIGURE 6 

A .  

B. 

GJJ 

E €  

F 1- 

PANEL CONFIGURATION - MDDEL SYSTEM INSULATION 

TASK I1 - NAS 3-12045 

Polar  Shingled Panels (3 Required) 

15-inch Spher ica l  Radius 

Support S k i r t  Panels (Inner) (9  Required) 

Panel Size (Inches) 
AA BB cc 

28.2 20.7 10.1 

Panel Width - Inches 

10.1 
20.7 
28.2 
30.1 
31.4 
31.4 
31.4 

-- 20.7 
- 28.2 
- 30.1 

31.4 
- 31.4 

. I  
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C. Outer Panels (Circumferential Shingled) 

POLAR 
(sew- A )  

GG 4 
HH 4 

Requ 

9 

AR€A 

f 

Panel Size (Inches) Step 

a W 

19 75,a 3 24,4 2 5 - 4  
1 9  75,a 3 24,4 25.4 
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TABLE 2 

CALCULATED. MODEL SYSTEM THEFMAL PERFORMANCE 

AVERAGE HEAT FLUX 
Btu/hr.ft2 (Watts/M2) 

TOTAL HEAT LEAK 
Btu/hr. (Watts) 

Compressed 
(3 1 atm. 

Comp re s sed 
(3 1 atm. 

Uncom- 
pressed 

Uncom- 
p res sed 

Computer Analysis (a) I. 

11. 

111 e 

I V  . 

V. 

Iriner Skir t  & Polar Panels 10.5 
9.9 Circumferential Panels - 

Total 10.1 (31.9) 

F l a t  Plate  Data(b) 

(CR 72363 PT-6) 
(NAS 3-7953) 

2.5 
1.3 
1.5 (4.73) 

16 -5 
32.8 

69.1 
253.9 

323 .O (94.7) 49.3 (14.5) 

Inner Skirt ,  Polar Panel 
& circumferential Panels 

.85 
3.3 - 

42.4 
164.9 

207.3(60.7). .13@ .01 
p s i  (.41) 

4.15(1.22) 

Calorimeter T e s t  Data 
NAS 3-7953 
C R  72363 PT-6 

Inner Skir t  4 Polar Panel 
Circumferential Pane 1 s 

65.5 
255.0 (C) - 

4.1 
16.1 
20.1 (5.9) Total 10. O ( c )  (31.5) .63 (1.98) 320.5 (94 a 0) 

Miscell aneous 

Support He ad Ins ul  a t  ion (dl 
Support S k i r t  (Dummy - .037")(e) 

13.8 
3.2 

13.8 
3.2 

Expected System Performance 

Inner Sk i r t  and Polar Panels 
Circumferential Panels 
Support Head Insulation 
Support Sk i r t  (Dummy - .037" Fiberglas) 

69.1 
253.9 
13 -8 
3.2 - 

340.0 (99.5) 

16 -5 
32.8 
13.8 
3-2 - 

66.3 (19.4) Total 

(a) Based on normal conductivity numbers computed from f l a t  plate  data,  

(b) F l a t  plate  data does not account f o r  edge losses therefore numbers are the 
theoretical  low l i m i t  f o r  t h i s  insulation, 

(c) Calorimeter data f o r  the compressed case was not obtained a t  steady-state 
conditions e 

(d) Thermal conductivity-foam insulat ion i n  vacuum K = .002 Btu/hr,ft-OF 

(e) Thermal conductivity reinforced f ibe r  glass K = .2 Btu/hr,ft-OF 
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4.2.1.3 S t r u c t u r a l  Analysis 

An ob jec t ive  of t h i s  program was t o  design a complete model 
tank t e s t  system having dynamic c a p a b i l i t i e s  t o  s u s t a i n  launch loads as  d e t a i l e d  
i n  Table 3 f o r  the panels  and t e s t  tank. The following sec t ions  d e t a i l  the  
model tes t  tank ana lys i s  and the i n s u l a t i o n  panel ana lys i s .  

4.2.1.3.1 Model T e s t  Tank And Related Hardware 

I n  o r d e r  t o  eva lua te  the  SEMI panel system f o r  both thermal 
and dynamic condi t ions ,  a s p e c i a l l y  designed t e a t  tank was required.  
f o r  t h i s  tank, i s  shown i n  Figure 7 .  
(.71 t o  .91M) t o  36 inches i n  o v e r a l l  diameter  and a maximum of 6 f t .  (1.83M) 
o v e r a l l  l eng th .  The unguarded aluminum tank was supported from one head by a 
s i n g l e  s t a i n l e s s  pipe connected t o  a b i -meta l ic  t r a n s i t i o n  j o i n t  and bol ted  
f lange .  For  thermal t e s t i n g ,  t h e  f lange  was a t tached  t o  the  Liquid Hydrogen 
Calor imeter  Supply and Support S t ruc tu re  (NASA Plumbrook N o .  SK 68 1100).  For  
dynamic t e s t i n g ,  t he  bo l t ed  f lange  was a t tached  t o  a Linde designed v i b r a t i o n  
t a b l e  adaptor  which mated wi th  the  v i b r a t i o n  t a b l e  of the  Launch P r o f i l e  
Simulator (LPS) a t  Goddard. The co ld  guard supply s t r u c t u r e  was not  needed 
f o r  t e s t i n g  a t  Goddard s i n c e  i n s u l a t i o n  thermal performance was not evaluated 
during dynamic t e s t i n g .  During t r a n s p o r t a t i o n  the bol ted  f lange  was a t tached  
t o  the  sh ipping  frame, thus providing a pendulum support  €o r  the SEMI panel 
i n su la t ed  cryogenic  t e s t  tank.  

A l ayout  
By con t r ac t ,  the  tank must be between 28 

Per  c o n t r a c t  the  tank opera t ing  pressure  ranged between 
1 2 30 p s i  (2.07 x l o 5  newtons per  M ) and 75 p s i  (5.17 x l o 5  newtons per  MZ), and 

the  tank was capable of being evacuated. The var ious tank pos i t i ons  a re  
depicted i n  Figure 8.  The s e v e r i t y  of the  t r a n s p o r t a t i o n  condi t ions  a r e  
expected to  be less than the  extremes of the  tes t  condi t ions  with the excep- 
t i o n  of shock loading  during t r anspor t ,  which a re  not  expected t o  exceed 6g. 
Design parameters f o r  t he  var ious tank loadings a re  l i s t e d  i n  Table 4 .  

The f i b e r g l a s s  ex tens ion  (simulated support  s k i r t )  was 
non-functional,  i . e  ., not  load  bear ing o r  s t r u c t u r a l  support ing.  I ts  func t ion  
was t o  provide the geometric shape on which t o  a t t a c h  the SEMI panels .  This 
s imulates  t he  i n t e r s t a g e  support  s k i r t  on a t y p i c a l  mul t i s tage  space vehic le .  

A drawing of t he  tank  SK-106298 (Figure 9) and d e t a i l s  

The tank mates with adapter  SK-106294 (Figure 10) o r  the LeRC 
SK-106296, SK-106297 a r e  included. Design ca l cu la t ions  a re  included i n  
Appendix 3 .  
Cold Guard (SK-681100) 

Goddard Model Tank Adapter 

A s h o r t  adapter  s e c t i o n  was designed and f ab r i ca t ed  t o  loca t e  
the model tank wi th in  the  accous t i c  l i n e r  of the Godard LPS F a c i l i t y  and t o  per -  
m i t  easy attachment t o  the  v i b r a t i o n  t a b l e .  
on Figure 10(SK-106294). A s  can be seen,  i t  c o n s i s t s  of a s t r a i g h t  s e c t i o n  of 
tubing wi th  f langes  a t  e i t h e r  end t o  mate with the model tank (Ref. SK-106298) 
and an  18 inch  (.46M) b o l t  c i r c l e  a t  the  Goddard F a c i l i t y .  5 inch (.127M) d i a -  
meter hand holes  i n  the s t and  were provided t o  permit assembly of the  model tank 
f lange  b o l t s .  F i l l  and vent  connections passed through the 5 inch (.127M), ho le .  
See Appendix 4 f o r  s t r e s s  c a l c u l a t i o n s .  

The des ign  f o r  t h i s  s t and  is shown 
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TABLE 3 

LAUNCH LOADS 

(Table 1 Contract NAS 3-12045) 

a) Longitudinal Load -1.5 g ' s  t o  + 6 g ' s  

b) Lateral Load 

c> Vibration 

d) Acoustic 

1.5 g ' s  (occurs when loaitud- 
i n a l  load is + 2.5 g ' s )  

- + 6g 's  vibratory longitudinal 
between 20 and 150 hertz (occurs 
when longitudinal load is 2.5 
g ' s  or less) 

Overall sound pressure level 
(155 db) 

Octave Band Sound Pressure 
Frequency Level (db) 
(hertz) 

250 
4000 
8000 

143 
13 8 
13 5 
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TABLE 4 

MODEL TANK DESIGN PARAMETERS 

A. GENERAL 

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7.  

Tank opera t ing  pressure range 
-!- 75 ps id  i n t e r n a l  t o  1 5 p s i d  ex terna l  

Temperature range 
ambient t o  -423OF. 

Mater ia l  5083 -0 aluminum 

Hemispherical heads 

S t r a i g h t  s k i r t  s e c t i o n  a t  enL opposi te  of support  heads 
( f i b e r  g l a s s )  

T r a n s i t i o n  j o i n t  (Tube Turns e F t .  Type) between aluminum 
tank and s t a i n l e s s  s tee l  neck tube with f lange .  

A l l  welded cons t ruc t ion  per  ASME Unfired Pressure Vessel 
Code - Sect ion  V I 1 1  Div is ion  I & Welding Research Council 
B u l l e t i n  #107. 

B. MODEL TANK DESIGN LOADS (CRITICAL) 

1. 

2. 

3 .  

4 .  

Dynamic - Tank Horizontal  

8 .5  g on support  tube i n  compression 
1.5 g on support  tube i n  bending 
1 . 5  g on support  tube i n  shea r  

Special  Condition - Tank 
Horizontal  during LN, 
Cooldown 

Bending and s h e a r  s t r e s s  due t o  weight 
of LN2 i n  tank during cooldown, i . e . ,  
l ong i tud ina l  and l a t e r a l  dynamic 
loadings equal  zero 

Thermal - Tank Ver t i ca l  
Support tube i n  t ens ion  due t o  weight of 
tank inc luding  t r a n s i t i o n  j o i n t s  and 
tank f i l l e d  wi th  LN2 

Transpor ta t ion  - Tank 
Ver t i ca l  Support tube i n  tens ion  and bending due 

t o  6 g shock loads  ( v e r t i c a l  and s i d e  
loads )  on empty tank 
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Goddard Flange Assembly (Vibration Tes t )  

I n  o rde r  t o  perform the v i b r a t i o n  tes t  a t  cryogenic temperatures 
a spec ia l  f lange assembly was designed t o  provide a f i l l  and d ra in  capab i l i t y  with 
the tank i n  the hor izonta l  pos i t i on  (Figure 11 Item 2 C/SK 106415). Two s a f e t y  
r e l i e f  (pressure bu r s t  d i sks)  were included. The f i l l  tube was designed t o  pro- 
vide an in t e r f e rence  f i t  of 0.4 inch (0.1M) with the s i d e  of the tank, i . e .  loaded 
c a n t i l e v e r  beam. This provided the  necessary force t o  assure  t h a t  the f i l l  pipe 
remained i n  int imate  contac t  with the tank throughout the v ib ra t ion  t e s t  without 
rubbing e 

Model Tank Transporter  (Handling F ix tu re )  

Since the model tank must be supported e n t i r e l y  from one end 
i n  various pos i t ions  and a t t i t u d e s  during t e s t  and t ranspor ta t ion ,  a spec ia l  
handling f i x t u r e  o r  t r anspor t e r  was required.  The t r anspor t e r  i s  shown as 
Figure 12 (SK-106293). Special  requirements f o r  the t r anspor t e r  i n  add i t ion  t o  
supporting the tank v e r t i c a l l y  f o r  t r anspor t a t ion  a re  as  follows : 

1. Allow tank t o  be mated t o  the thermal t e s t e r  a t  
Plumbrook (SK-681100) while the  tank i s  s t i l l  supported by the t ranspor te r .  

2. Allow the tank (and t r anspor t e r )  t o  be ro t a t ed  
about a hor izonta l  ax i s  and mate with the  Goddard "accelerat ion and v ib ra t ion  
end cap" p r i o r  t o  being separated from t h e  t r anspor t e r .  

The t r anspor t e r  was designed t o  s u s t a i n  a 6g s i d e  loading, 
with the tank i n s t a l l e d .  The tank was r i g i d l y  bol ted  t o  the t r anspor t e r  head 
s t ruc tu re ,  without shock a t t enua t ion  supports of any kind. The t r anspor t e r  was 
faced with 1 / 2  inch (1.27 x 10'2M) th i ck  plywood t o  provide pro tec t ion  f o r  the 
model tank during shipment. 

Stress ca l cu la t ions  f o r  t he  design of t he  t r anspor t e r  a r e  
contained i n  Appendix 5. 

4.2.1.3.2 Insu la t ion  Panel 

Because of s i m i l a r i t i e s  i n  panel s i z e  between the  Model System 
and the Full Scale  System insu la t ion ,  a n  add i t iona l  eva lua t ion  of the Insu la t ion  
panel s t r u c t u r e  was not required.  The panels were a t tached  t o  the tank and t o  each 
o the r  using VELCRO, a t  a r a t i o  of 4 square inches (2 x 10-3M2) of VELCRO a t t ach -  
ment f o r  each square foo t  (.09M2) of panel, with the attachments placed no c l o s e r  
than two inches (.05M) t o  the panel edge as  recommended i n  Sect ion 4.1.3. VELCRO 
placement was as  ind ica ted  on Figure 13 & 14. 

For panel s ea l -o f f ,  a small  O-ring sea led  u n i t  was designed t o  
allow entrance t o  the panel f o r  evacuat ion and carbon dioxide backf i l l i ng  and/or 
placement and removal of a vacuum gauge. Nei ther  opera t ion  w i l l  require  c u t t i n g  
of the  SEMI panel casing,  The sea l -of f  device and r e l a t e d  adapters  a re  shown on 
Figure 15. Operation i s  as  follows. To e n t e r  o r  e x i t  the panel, a simple purge 
bag i s  at tached t o  the panel t o  surround the sea l -o f€  area, and purged with COa  
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seve ra l  times before  the  des i r ed  change is  made. Since these t r a n s f e r s  occur  
wi th  the  panel a t  ambient pressure,  system contamination, i f  any, c o n s i s t s  only 
of gas d i f f u s i o n  between the  panel and the  purge bag. This amount of contamina- 
t i o n  i f  p resent  would be i n s i g n i f i c a n t .  This s ea l -o f f  device wi th  the  assoc ia ted  
equipment permits eva lua t ion  of the C02  gas i n  the  panel without  necess i t a t ing  
re-evacuat ion and subsequent b a c k f i l l .  A Viton-A O-ring was used t o  s e a l  the  
panel .  The complete sea l -o f f  device i s  f a b r i c a t e d  of aluminum, weighs 32 grams, 
and the re fo re  d id  not  requi re  ex te rna l  supports  during v i b r a t i o n  t e s t s  

4.2.2 Fabr i ca t ion  

4.2.2.1 Tank Assembly and Related Hardware 

The tank (C/SK 106290) was assembled using a semi-automatic 
welding procedure wi th  a hand he ld  h e l i a r c  welding to rch  and a r o t a t i n g  pos i t i one r .  
The 5083 aluminum mater ia l  was welded wi th  AA-5183 f i l l e r  rod, and the  304 s t a i n -  
l e s s  was welded us ing  E R  309 f i l l e r  rod, a s  per  Figure 9 drawing C/SK 106298 
(see Sec t ion  4.2.1.3.1). 

The d i s s i m i l a r  m e  t a l  t r a n s i t i o n  j o i n t  - to -upper head 
r e in fo rc ing  r ing  weld was 100% rad io log ica l ly  examined and determined t o  be 
s t r u c t u r a l l y  sound. 
Vecco Model MS-9 helium l e a k  de tec to r .  A s teady  s t a t e  l e a k  r a t e  of 3.2 x 
atm. cc  a i r / s e c .  was determined f o r  the  t e s t  se t  up, which because of the  shape, 
included two f l a t  rubber s e a l s .  This r a t e  was determined a f t e r  a 3 hour s e t t l e  
out ,  and ind ica t ions  a r e  t h a t  i t  was l i k e l y  permeation through the rubber 
(temporaty s e a l )  r a t h e r  than leakage a t  the  weld a rea .  

The t r a n s i t i o n  j o i n t / r i n g  weld was then l e a k  checked on 

A f t e r  tank assembly, the  i n i t i a l  helium l e a k  check d isc losed  
a small  l eak  i n  t h e  upper head t o  cy l inde r  weld. The l e a k  was repa i red  by gr ind-  
ing  and then  rewelding a s e c t i o n  approximately fou r  (4) inches (.1M) i n  length .  
The f i n a l  l eak  r a t e  f o r  t he  tank was 1 x 10-10 atm. cc  a i r l s e c .  excluding the  
leakage through the  aluminum gaske t .  
a i r / s e c .  o r  l e s s  i s  acceptable . )  

(A tank l e a k  r a t e  of 1 x 10-7 atm. cc 

Vibra t ion  Adapter (B/SK 106294) 

The adap te r  was f ab r i ca t ed  of 5083 aluminum a l l o y  and AA-5183 
f i l l e r  rod. The u n i t  was spot  x-rayed a f t e r  f a b r i c a t i o n  t o  assure  weld s t r u c t u r a l  
soundness. Both f langes  were then  machined t o  ob ta in  p a r a l l e l  and f l a t  sur faces .  

Transporter-  (C/SK 1062 93) 

The t r a n s p o r t e r  frame was f b r i ca t ed  of commercially ava i l ab le  
s t r u c t u r a l  s t e e l  shapes welded toge the r  by a metal a r c  process.  The t r a n s p o r t e r  
frame with the  t e s t  tank i n s t a l l e d  is  shown i n  Figure 16. The frame is  covered 
wi th  plywood f o r  shipping.  
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FIGURE 16 ,  T r a n s p o r t e r  C/SK 106293 With Test Tank C/SK 106298 
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4.2.2.2 Panel Fabr i ca t ion  

The SEMI panels were f a b r i c a t e d  using techniques developed 
under previous UCC con t rac t s  NAS 3-6289 (Ref. 1) and NAS 3-7953 (Ref. 2 ) .  The 
panels c o n s i s t  of a casing of 4 ply aluminized Mylar, u t i l i z i n g  Narmco adhesive 
j o i n t s ,  and f i l l e d  with a mul t i l aye r  i n s u l a t i o n  c o n s i s t i n g  of open c e l l  r i g i d  
polyurethane foam and aluminized Mylar r a d i a t i o n  s h i e l d s .  Vacuum t i g h t  casings 
were f a b r i c a t e d  f o r  the  c i r cumfe ren t i a l  and p o l a r  panels,  however, such was not 
the  case f o r  the  i n n e r  s k i r t  panel casings a s  w i l l  be discussed l a t e r .  
f a b r i c a t i o n  includes seve ra l  operat ions which a r e  l i s t e d  below and discussed 
s e p a r a t e l y  i n  the following s e c t i o n .  

Panel 

1. Preprocessing the  aluminized Mylar r a d i a t i o n  s h i e l d s  
by heat ing i n  a i r  f o r  24 hours a t  150'F. (338'K) 

2. Punching the  foam spacers including vacuum cleaning 
of the  foam t o  remove the  foam dus t  generated during the  bun s l i c i n g  operat ion.  

3. Vacuum forming both casings t o  o b t a i n  the required 
p l e a t s  and recovered panel thickness  without r e s idua l  compression. 

4 .  G e t t e r  i i i s t a l l a t i o n ,  adhesive a p p l i c a t i o n  (Narmco 
7343/7139 preceded by a prime coa t  of Goodyear G-207 s o l u t i o n ) ,  with pressure 
cure 

5. Panel evacuat ion and helium l e a k  checking. 

Results of development work performed under a previous SEMI 
panel c o n t r a c t  (NAS3-6289) ind ica t ed  t h a t  only the  aluminized Mylar r a d i a t i o n  
s h i e l d  needed t o  be pre-conditioned. It was determined t h a t  exposing the r ad ia -  
t i o n  s h i e l d s  t o  w a r m  c i r c u l a t i n g  a i r  f o r  24 hours would s u f f i c i e n t l y  remove the 
hydrogen, and t h a t  subsequent vacuum pumping of the completed panel a t  ambient 
temperatures would be adequate t o  remove contaminants. The rest of the panel 
ma te r i a l s  were determined t o  b e n e f i t  very l i t t l e  a s  a r e s u l t  of any pre-  
condi t ioning 

Each panel contains  7 spacers  and s i x  r a d i a t i o n  s h i e l d s .  The 
space r  used f o r  the  panels was a t h ree  l a y e r  foam composite c o n s i s t i n g  of two 
0.02 inch (5.08 x lO-4M) t h i c k  open c e l l  r i g i d  polyurethane foam l aye r s  containing 
punched 1 1 /4  inch (3.2 x 10'2M) square holes  on 2 inch (5.1 x 10'2M) cen te r s ,  and 
one 0.02 inch (5.08 x lo-4M) t h i c k  l a y e r  of unpunched open c e l l  r i g i d  polyurethane 
foam. The two punched hole  l a y e r s  were posi t ioned r e l a t i v e  t o  each o t h e r  such 
t h a t  support  w a s  achieved only a t  the  i n t e r s e c t i o n  of the two webs, a s  shown i n  
Figure 1 7 .  Several  s i n g l e  l a y e r s  of punched foam a r e  shown i n  Figure 18 ,  A l s o  
apparent i n  t h i s  f i g u r e  i s  a b a r  containing a row of 21 c u t t e r s  (developed under 
c o n t r a c t  NAS3-7953), which w a s  t r ave r sed  along the  punching t a b l e .  Indexing pins 
l o c a t e  each row of punched h o l e s ,  
be punched s a t i s f a c t o r i l y  a t  one time 

With t h i s  method, seven l a y e r s  of foam could 

4 

Panel casings were constructed of a composite casing 
mater ia l  c o n s i s t i n g  of impermeable Mylar/aluminum/Mylar (MAM) and 4-ply laminate 
f o r  the o u t e r  a i r  exposed s e c t i o n  and 4-ply aluminized Mylar laminate f o r  the 
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remaining 5/6 of the  panel a r ea .  (See Sec t ion  4.2.1.2 Figure 6 . )  This combina- 
t i o n  was designed t o  achieve a cas ing  wi th  a highly impermeable su r face  t h a t  i s  
exposed t o  a i r ,  y e t  a l lowing the remainder of the panel t o  e x h i b i t  a low thermal 
conduct iv i ty  t o  enhance thermal performance ~ 

One 31'4 inch  (1.88 x 10-2M) diameter  hole  was cu t  i n  each of 
the  three  bottom s h i e l d s  i n  the  a rea  immediately under the evacuat ion p l a t e ,  as  
an a i d  i n  evacuat ing the  pane ls .  
diameter  c i r c l e ,  were indexed so a s  t o  be loca ted  120" from the hole  i n  the ad- 
j acen t  s h i e l d .  A 1-13/16 inch (4.60 x 10-2M) diameter  hole was c u t  i n  the  foam 
l a y e r s  and top th ree  s h i e l d s  t o  accomodate the  evacuat ion p l a t e .  This permit ted 
the  p l a t e  t o  be f l u s h  wi th  the  ou t s ide  f ace  of the panel .  

The holes ,  l oca t ed  on a one inch (2.54 x 10-2M) 

The MAM was laminated t o  the  4-ply cas ing  us ing  Goodyear 
207 p r i m e  coa t .  
A f t e r  the  drying per iod,  the ma te r i a l s  were assembled and hand r o l l e d  wi th  a 
t e f l o n  r o l l e r ,  while being heated spa r ing ly  wi th  a hand he ld  hea t  gun. 
bonding the  two ma te r i a l s  t oge the r  wi th  Goodyear G-207 prime, the composite 
cas ing  was vacuum formed ( s t r e t ched)  t o  a l low f o r  the  i n s u l a t i o n  th ickness .  
Three-eights  inch (9.67 x lO-2M) cen te r s  w e r e  formed i n  the cas ing  a t  the same 
time, t o  a l low f o r  add i t iona l  mater ia l  t o  account f o r  the  d i f f e rence  i n  diameter 
as  the  panels  were curved around t h e  tank. 

Both su r faces  were coated and allowed t o  a i r  dry f o r - 2 4  hours.  

A f t e r  

P r i o r  t o  panel assembly, one gram of hydrogen g e t t e r  was 
placed i n  the  warm s i d e  foam spacer  i n  the  immediate a rea  surrounding the  
evacuat ion  manif o ld .  

Panel adhesive j o i n t s  w e r e  made i n  the fol lowing manner: 
A f t e r  degreasing the  Mylar bond su r faces  wi th  Methyl Ethyl Ketone (MEK) and 
al lowing the  cas ing  t o  a i r  dry, both su r faces  were p r imed  wi th  a s o l u t i o n  of 
G-207 formulat ion.  The prime cons i s t ed  of the  fol lowing:  

Goodyear 207 B 
Toluene 
MEK 
Goodyear 207 C 

100 gms 

4 gms 

63 gms 
27 gms 

A f t e r  the prime had cured f o r  24 h r s .  a t  room temperature, 
Narmco Narmco 7343/7139 adhesive was appl ied  by brush t o  both Mylar su r faces .  

adhesive i s  a 2 p a r t  system cons i s t ing  of a r e s i n  (7343) and a cur ing  agent (7139). 
The cur ing  agent  i s  suppl ied  i n  small  p e l l e t s  which must be metled a t  250'F. 
(394OK.) immediately p r i o r  t o  being combined with the r e s i n .  The mixing r a t i o  
i s  100 grams of 7343 r e s i n  t o  11 grams of 7139 cur ing  agent .  The r e s u l t a n t  
c l e a r  homogeneous adhesive has a n  average pot  l i f e  of 3 hours a t  75'F. (298°K.) 
A f t e r  brushing a 5 m i l  (1.27 x 10-4M) (approximate) t h i c k  l a y e r  of the adhesive 
onto both sur faces ,  the  casings were assembled and a i r  cured a t  room temperature 
under a 2 PSI (1.38 x 
s t r e n g t h  i s  reached a f t e r  3 days a t  75°F. (298OK.) A s  i n  the  previous con t r ac t s ,  
the 2 P S I  (1.38 x 10-4 newtons pe r  M2) loading was achieved by the use of s u f f i -  
c i e n t  weights pos i t ioned  on a weight board such as  t o  apply a compressive load 
only on  the  adhesive a rea .  Foam rubber wea the r s t r ip  was used t o  concent ra te  t h e  
force  a t  t he  panel j o i n t s  t o  avoid damaging the cas ing  mater ia l s  during the 
pressure cure  cyc le .  

newtons pe r  M2) compressive load f o r  24 hours .  Optimun 
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Each SEMI panel contained an  evacuat ion po r t  l oca t ed  a t  the 

A s teady  l e a k  r a t e  of 4 x 10-7 atm. 
warm end, 
vacuum por t ,  s e a l e d  wi th  a Viron A O-ring. 
c c .  a i r / second was determined f o r  the  device us ing  a Vecco Model MS-9 helium 
l e a k  d e t e c t o r ,  The sea l -o f f  device is shown i n  Figure 15. A demonstration 
model was assembled and disassembled severa l  times t o  determine r e p e a t a b i l i t y  
and l eak  t i g h t n e s s  of t he  c l o s u r e .  I n  subsequent l e a k  tests, the  sea l -o f f  
device s a t i s f a c t o r i l y  demonstrated r e p e a t a b i l i t y .  These aluminum s e a l  -off 
p l a t e s  were so lven t  wiped wi th  MEK and primed wi th  a Dow Corning so lu t ion .  
The s o l u t i o n  cons i s t ed  of .02% by weight of Dow Corning 2 6020 r e s i n  i n  Ethyl  
Alcohol. The p r i m e  was a i r  dryed f o r  45 minutes p r i o r  t o  the  Narrnco adhesive 
a p p l i c a t i o n  

The panel s ea l -o f f  device provides a one inch  (2.54 x 10-2M) diameter  

Figure 1 9  is a photograph of one of the  c i rcumferent ia l  
panels  p r i o r  t o  evacuat ion.  The MAM laminate  i s  apparent i n  the photographs a t  
the  widest  poxt ion of t he  panel .  Var ia t ions  i n  panel width accomodates s h i n g l -  
ing  the SEMI panel i n  the  tank long i tud ina l  d i r e c t i o n  i n  a d d i t i o n  t o  sh ing l ing  
the  panels  i n  t h e  c i r cumfe rne t i a l  d i r e c t i o n .  Figure 20 shows one of the  po la r  
panels  p r i o r  t o  evacuat ion.  The r a i sed  su r faces  appearing i n  the  photographs 
a r e  thermo-vacuum formed i n  the  cas ing  p r i o r  t o  panel assembly. The reason f o r  
t h i s  a s  prev ious ly  d iscussed  i s  t o  provide e x t r a  cas ing  mater ia l ,  thereby reduc- 
ing  poss ib le  r e s idua l  compressive loadings on t h e  i n s u l a t i o n .  An evacuated c i r -  
cumferent ia l  panel is  shown i n  Figure 21. The mottled appearance of the  panel 
is  due t o  su r face  i r r e g u l a r i t i e s  caused by the  c r i s s - c ros sed  foam webs. 

Inner  S k i r t  Panels 

The i n n e r  s k i r t  panels  a r e  of a complex double curva ture  reverse  
bend shape and consequently were very troublesome t o  f a b r i c a t e .  A f t e r  s eve ra l  
f u t i l e  a t tempts  t o  assemble a l e a k  t i g h t  cas ing  enclosure,  they w e r e  cons t ruc ted  
t o  achieve a panel t h a t  would demonstrate mechanical and thermal performance. 
However, s i n c e  t h e  panels  were not  l e a k  t i g h t ,  the  panel cryo-pumping c a p a b i l i t y  
was not  demonstrated.  The foam spacer  and r a d i a t i o n  s h i e l d  l aye r s  presented 
very few problems. Some of t h e  problems concerning cas ing  f a b r i c a t i o n  were 
a t t r i b u t a b l e  t o  t h e  small  s i z e .  As o r i g i n a l l y  designed, the  inne r  s k i r t  panel 
cas ings  were t o  be f a b r i c a t e d  on a t h r e e  dimensional plywood layup f i x t u r e  a s  
shown i n  Figure 22. This was t o  be accomplished by bonding seve ra l  cas ing  seg-  
ments toge ther  w i th  Narmco adhesive.  The two p s i  p ressure  requi red  t o  achieve 
the  bond l i n e  was t o  be obta ined  by clamping t h e  mating male shape t o  the  female 
mold. This method of cas ing  assembly, although s a t i s f a c t o r y  wi th  resepc t  t o  the 
th ickness  of most of the  Narmco adheSlVe.JolnC, r e s u l t e d  i n  seve ra l  small  adhesive 
f i l l e d  wrinkles  e 

dimensional cas ing  ma te r i a l  i n t o  a t h ree  dimensional form. Since Narmco adhesive 
performance a t  cryogenic temperature i s  dependent on minimum j o i n t  thickness ,  
t he  adhesive f i l l e d  wrinkles  were judged t o  be u n s a t i s f a c t o r y  f o r  t h i s  app l i ca t ion .  

These wrinkles  were caused by non-uniformily fo rc ing  the  two 

I 

The second method t o  f a b r i c a t e  l eak  t i g h t  casings cons i s t ed  
The of vacuum forming the  e n t i r e  cas ing  segment from one piece of f l a t  cas ing .  

previously f a b r i c a t e d  plywood form was completely f i l l e d  wi th  a foam-in-place 
urethane, t o  provide a female mold f o r  vacuum forming, (See Figure 23)  This 
method was found t o  be unacceptable  because of severe  wrinkles  t h a t  formed, causing 
leaks  which could no t  be e l imina ted .  
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FIGURE 20. Unevacuated Polar Panel 
(221 -70) 
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FIGURE 21 e Completed Panel (Evacuated) 
(21 9-70) 
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a b r i c a t i o n  of cas ings  f o r  the  nine inner  s k i r t  panels was 
f i n a l l y  accomplished using Goodyear 207 hea t  s e a l a b l e  adhesive j o i n t s ,  j o in ing  
seve ra l  segments i n t o  one panel cas ing .  The r e s u l t i n g  j o i n t s  were not  l eak  
t i g h t  o r  even evacuable,  bu t  merely provided s u f f i c i e n t  s t r e n g t h  t o  r e t a i n  the  
foam space r  and r a d i a t i o n  s h i e l d  layup. 

Fabr i ca t ion  of the inne r  s k i r t  i n s u l a t i o n  was accomplished 
using the  foam plywood form as  a layup mandrel. 
was t o  lay-up the  seven composite l a y e r s  of foam and s i x  r a d i a t i o n  s h i e l d s ,  one 
l a y e r  a t  a t ime.  Each l a y e r  had cu touts  which were overlapped t o  form a con- 
t inuous i n s u l a t i o n ,  s t agge r ing  the  cu touts ,  and overlapping the j o i n t s ,  such t h a t  
the r e s u l t i n g  ma te r i a l  build-up was spread out  evenly over the complete panel .  
A f t e r  placement of a l l  the  i n s u l a t i o n  l aye r s ,  the  o u t e r  casing was posi t ioned 
and a hea t  s ea l ed  adhesive j o i n t  was completed. The r e s u l t i n g  product was an 
i n s u l a t i o n  blanket  having the necessary number of l aye r s ,  and of t he  proper com- 
pound curva ture  t o  i n s u l a t e  the  inne r  s k i r t  a r e a  of the  model tank.  Since t h e  
inne r  s k i r t  panels  were not  evacuable, a s epa ra t e  impermeable b a r r i e r  was i n s t a l l e d  
t o  complete the  impermeable o u t e r  l a y e r  of the  a i r  exposed inner  s k i r t  panels 
a f t e r  the panels  were i n s t a l l e d  on the Model System. 

The assembly procedure followed 

4.2.2.3 Panel I n s t a l l a t i o n  and Seal Off 

Upon completion of t he  Model tank Acceptance Tes ts  (see 
Sec t ion  4.2.3.2) t he  s k i r t  s e c t i o n  and a l s o  the foam i n  place f a i r i n g  a t  the 
s k i r t  t r a n s i t i o n  was completed. A 1-1/8 inch (2.86 x 10’2M) Vecco valve and 
coupling, a s  wel l  as  ins t rumenta t ion  feed  throughs were added t o  t h e  30 inch 
(.75M) diameter  s t a i n l e s s  top  s h e e t .  The 36 gage copper cons tan tan  thermo- 
couples and the Rosemont Engineering Temperature sensors  were mounted per  
F igures  24 and 25 .  The completely in su la t ed  tank ready f o r  shipment is  shown 
i n  Figure 26. 

The completed SEMI panels,  i .e.  c i rcumferent ia l  and po la r  panels  
were b a c k f i l l e d  wi th  Coleman grade carbon dioxide t o  one atmosphere immediately 
p r i o r  t o  i n s t a l l a t i o n .  Panel evacuat ion .and b a c k f i l l  was completed through the 
panel s e a l  o f f  a A f t e r  evacuat ion and Carbon Dioxide b a c k f i l l ,  a small  polyurethane 
bag was placed over  the  s e a l  o f f ,  and purged wi th  Carbon Dioxide. 
adap te r  was removed and the  s e a l  o f f  cover  i n s t a l l e d .  
The purge bag technique allowed the  evacuat ion  po r t  t o  be replaced wi th  the  s e a l  
o f f  cover, without  contaminating the  b a c k f i l l  gas s i n c e  both the panel and the  
bag contained carbon dioxide a t  one atmosphere. The inner  s k i r t  panels were 
not  l eak  t i g h t  (see Sec t ion  4 .2 .2 .2 )  and the re fo re  w e r e  not b a c k f i l l e d .  A l l  
paneJs were i n s t a l l e d  on the tank  us ing  VELCRO fa s t ene r s ,  and the  panel t o  panel 
j o i n t s  were sea l ed  as  d iscussed  below. 

The evacuat ion 
(See Sec t ion  4.2.1.3.2).  

A f t e r  p lac ing  3 inch  (7.62 x 10-2M) length  of the  ”loop’* 
po r t ion  of VELCRO f a s t e n e r  on the  backside of a l l  panels  i n  the p a t t e r n  shown 
on Figure 13 (Sect ion 4.2.1.3.2) and p lac ing  3 inch (7.62 x 10-2M) lengths  of 
I ?  p i l e ”  i n  a matching p a t t e r n  on the tank, the 8 panels  were sequen t i a l ly  wrapped 
one t h i r d  of the way around the  tank i n  a clockwise d i r e c t i o n  as viewed from the 
f lange  end. 
s t a l l e d  ”loop” po r t ion  (panel backside) ,  the  adhesive was a c t i v a t e d  with Methyl 
Ethyl Ketone (MEK) and the  panel wrapping was cont inued.  I n  t h i s  manner, mating 
of the VELCRO f a s t e n e r s  was assured s i n c e  proper alignment was e s t ab l i shed  a t  

I n  subsequent s t ages ,  the  ’rpile’4 was placed on the  previously i n -  
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NOTE : - 
PANEL MOUNTED 
THE RMOCOU PLE S 

TCq E TC5 ARE SHOWN 

ON FIGURE 25  

I I 

FIGURE 24 CIRCUMFERENT'fAL 
PANEL THERMOCOUPLE POSITIONS 
TOTAL 24 THERMOCOUPLES 
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60 P I N  INSTRUMENT FEED THRU 

FLANGE ASSEMBLY C/SK- 1 0 6 4  15A 
S T A I N L E S S  BOLTS-3  1 /4  LONG 8 REQ'D. 
S T A I N L E S S  N U T S - 3 / 4 - 1 0  8 REQ'O. 

ON BOTH FLANGES . 0418 
BETWEEN P I P E  AN0 TANK 
A T  ASSEMBLY 

I NT E R F E R E NC E 

LEAD MYLAR CASING 

OPEN CELL  I 
R I G 1  D FOAM - 

A L L  PANEL T O  PANEL 
SEALS TO BE MADE 
USING LEAD MYLAR 

S E A L  TO ALLOW 
IMMEDIATE EVACUATION 

AND NARMCO ADHESIVE. In 
A THERMOSET TEMPORARY 

TO CURE THE NARMCO 1 
WILL B E  A P P L I E D .  
EDGE S E A L  TO B E  
RTV S I L I C O N E  RUBBER. 

TC- 1 
57" 

( R E F . )  
tC0 I 

I I NSULAT I ON 
PANELS 

See Figure 6 )  

3011 
a _. c 

TANK D I A .  ( R E F . )  

.- NOTE: T C 4  & TC5 THERMOCOUPLES ARE PANEL MOUNTED. 
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FIGURE: 25. MODEL TANK ASSEMBLY DRAWING 

TEST TANK THERMOCOUPLES 6 

(EXTERNALLY MOUNTED) 
ROSEMONT TEMPERATURE SENSOR pos I r I ONS 



59 FIGURE 26. Insulated Model Test Tank i n  Transporter (560-70) 



assembly. All panels  were removed a f t e r  the i n i t i a l  placement, t o  inspec t  the  
bonding of the VELCRO t o  the  panels  and tank. I n  seve ra l  c losures ,  i n spec t ion  
revealed incomplete bonding of the  VELCRO t o  s u b s t r a t e .  These bonds were aga in  
a c t i v a t e d  with MEK and allowed t o  cure .  The panels  were then  r e - i n s t a l l e d  i n  the 
same manner i . e .  s e q u e n t i a l l y  wrapping the  panels around the tank. 

The nine inne r  s k i r t  panels were i n s t a l l e d  using VELCRO 
f a s t e n e r s  t o  a t t a c h  the panels  t o  the tank and t o  each o the r .  VELCRO placement 
was as  shown i n  Figure 14 (Sect ion 4.2.1.3.2) .  Assembly procedure was s i m i l a r  
t o  t h a t  used i n  p lac ing  the  c i rcumferent ia l  pane ls .  

The th ree  p o l a r  panels backf i l l ed  with Coleman grade carbon 
dioxide t o  a one atmospheric pressure,  were i n s t a l l e d  using VELCRO f a s t ene r s ,  
placed as shown i n  Figure 14 (Sect ion 4.2.1.3.2) .  The panel geometry required 
t h a t  the  th ree  panels  be assembled t o  each o the r ,  and then i n s t a l l e d  on the tank 
as  a u n i t .  

Panel t o  panel s e a l s  were completed as  descr ibed on Model 
One except ion was the  inne r  s k i r t  panels ,  Tank Assembly drawing (Figure 25 ) .  

which because of f a b r i c a t i o n  d i f f i c u l t i e s  encountered were not  evacuable nor 
laminated wi th  a Mylar aluminum f o i l  Mylar sur face  shee t  over  the s tandard  4 
ply  aluminized Mylar laminate .  
Mylar (MLM) laminate  was i n s t a l l e d  sepa ra t e ly  a f t e r  the  inne r  s k i r t  panels had 
been i n s t a l l e d .  The MLM was sea l ed  t o  the p o l a r  panels and the c i rcumferent ia l  
panels thus completely s e a l i n g  o f f  the dummy suppor t  s k i r t  i n t e r f a c e .  

Rather than  the MAM laminate,  a Mylar-lead- 

4.2.3 Test  

4.2.3.1 Panel Leak Tests 

I n  o rde r  f o r  the  Se l f  Evacuating Mul t i l aye r  I n s u l a t i o n  (SEMI) 
system concept t o  be operable ,  t he  cryopumping gas must remain (1) wi th in  the  
system and (2) r e l a t i v e l y  f r e e  from ex te rna l  contamination. Upon examination, 
both of these  i t e m s  requi re  t h e  use of a l eak  t i g h t  casing,  w i th  the degree of 
l e a k  t i gh tness  dependent upon the  expected l i f e ,  and/or allowable hea t  l eak  and 
weight p e n a l t i e s .  During work on the  previous SEMI system con t rac t s ,  a cas ing  
system concept was devised, whereby a 4 ply  laminate of aluminized Mylar is  
used f o r  the e n t i r e  panel ,  and the  a i r  exposed po r t ion  of the  casing,  (ou te r  
1 / 3  of the panel)  is  f u r t h e r  pro tec ted  aga ins t  a i r  permeation by a second laminate 
of aluminum f o i l  and Mylar. The second laminate  of aluminum f o i l  and Mylar 
i s  laminated to  the  4 ply  casi.ng mater ia l  using the  Goodyear G 207 adhesive 
(see Sec t ion  4.2.2.3)  e 

Each c i rcumferent ia l  and head panel was helium l eak  checked. 
Because of the  r e l a t i v e l y  high helium permeabi l i ty  of the  4-ply cas ing  mater ia l ,  
(3.5 x 10-6 atm. cc. he l ium/sec . - f t2)  as  compared t o  the  MAM ( 2  x 
helium/sec.  - f t 2  atm.), a mixture of n i t rogen  gas conta in ing  s l i g h t l y  l e s s  than 
1% by volume of helium gas was used f o r  helium l e a k  checking. By using t h i s  
method, a helium l eak  r a t e  was e s t a b l i s h e d  f o r  a r e l a t i v e l y  permeable mater ia l ,  
by a r a t i o  o r  t he  measured ind ica t ed  l e a k  r a t e  t o  the  concent ra t ion  of helium 
i n  the  t r ace  gas .  For  t h e  SEMI panels,  t he  panel l eak  r a t e  compared favorably 
wi th  the  e s t ab l i shed  l e a k  r a t e  of the parent  4-ply cas ing  ma te r i a l .  Table 5 

a t c .  cm3 
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l is ts  the panel t o t a l  l e a k  r a t e .  This l e a k  r a t e  includes casing permeabili ty,  
j o i n t s  and leakage through the evacuat ion s e a l - o f f  O-ring. 
r a t e  f o r  the  parent  ca s ing  ma te r i a l s  is  0.3 t o  0.5 x atm. c c .  h e l i u d s e c .  

f t 2  atm. helium. 

The helium l e a k  

4.2.3.2 Tank and Related Hardware Tes t s  

The Model System demonstration tank was sub jec t ed  t o  helium 
l eak  t e s t s ,  as wel l  a s  hydropressure t e s t s ,  s t a t i c  dead load t e s t s ,  and v ib ra -  
t i o n  tes ts  a s  def ined i n  the  Tank Acceptance Tes t  Plan A/SK 106462. (See 
Appendix 6 )  A l l  t e s t i n g  was completed a s  presented in the t e s t  plan.  

Helium Leak Tes t  

The tank was evacuated f o r  approximately 7 2  hours p r i o r  
t o  the helium l e a k  check. A small  leak i n  the upper cy l inde r  t o  head weld 
was loca ted  and r epa i r ed  by removing metal and rewelding. A f t e r  r e p a i r  the 
l e a k  r a t e  was determined t o  be 1 x 10-10 atm. c c .  a i r / s e c .  (1 x 10-7 atm. c c .  
a i r / s e c .  o r  l e s s  i s  accep tab le . )  The aluminum gasket bo l t ed  flange connection 
was not included i n  t h i s  t e s t .  The model t e s t  tank wi th  the temporary evacua- 
t i o n  po r t  a t t ached  i s  shown i n  Figure 15 (Section 4.2.2.1) .  

A f t e r  the  tank acceptance v i b r a t i o n  t e s t ,  a tank leak r a t e  
of 2 . 3  x 
atm. cc .  a i r / s e c .  before  v i b r a t i o n  t e s t i n g .  The s l i g h t  d i f f e rence  i s  probably 
a t t r i b u t i b l e  t o  leakage across  the s o f t  aluminum gasket between the flange 
assembly and the  tank .  
cc .  a i r  p e r  s e c .  e s t a b l i s h e d  f o r  t he  ves se l  and the re fo re  the ves se l  was 
s a t i s f a c t o r y .  

atm. cc. a i r l s e c .  was determined. T h i s  compared t o  1 x 10-10 

In any case,  the l e a k  r a t e  i s  l e s s  than 1 x 10-7 atm. 

Proof Pressure Test  

The model tank a s  shown i n  Figure 27  mated t o  the v i b r a t i o n  
adapter ,  was f i l l e d  wi th  wa te r  and p res su r i zed  t o  115 ps ig  (7.9 x 10-5 newtons 
p e r  M2) f o r  15 minutes. S t r e s s  l e v e l s  were l e s s  than 1500 p s i  a s  no change 
was noted i n  the  S t r e s s  Coat, app l i ed  a s  p e r  vendor i n s t r u c t i o n s .  (The craze 
point  € o r  t h i s  p a r t i c u l a r  s t r e s s  coa t  i s  150 micro inches pe r  inch, which f o r  
aluminum w i l l  i n d i c a t e  a s t r e s s  l e v e l  of 1500 p s i . )  

Axial Load Tes t s  

Compression Tes t  

With the  tank posi t ioned a s  shown i n  Figure 27, add i t iona l  
weights were placed on the  s k i r t  head t o  inc rease  the compressive load on the  
support  tube (as p e r  s p e c i f i c a t i o n  A/SK 106462). The s t r e s s - c o a t  i nd ica t ed  
acceptable  compressive s t r e s s e s .  Actual s t r e s s e s  were c a l c u l a t e d  a t  2200 p s i  
(1.515 x l o 7  newtons pe r  M 2 ) ,  
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TABLE 5 

Panel 
No .* 

A 1  

B2 

C1 

D2 

A2 

B 1  

c 2  

D 1  

p1 

p2 

p3 

Measured T o t a l  Leak Rate of Model Tank SEMI Panels  

Inc ludes  : Casing Pe rmeab i l i t y ,  O-ring Seal  -Off 
and J o i n t  Leakage 

S i z e  T o t a l  Leak Rate 
(ATM cc. A i r )  

s e c .  
Inches Meters 

38 x 75 .97 x 1.78 3.46 1 0 " ~  

38 x 75 .97 x 1.78 3.87 10-5 

38  x 75  .97 x 1.78 4.07 10-5 

3 8  x 75  .97 x 1.78 2.66 10-5 

1 9  x 75 .49 x 1.78 2.19 10-5 

19  x 75 .49 x 1.78 2.31 10-5 

1 9  x 75 .49 x 1.78 2.11 10-5 

1 9  x 75 .49 x 1.78 2.17 10-5 

P o l a r  

P o l a r  

P o l a r  

3.8 x 

4.44 x 10-6 

4.54 x 10-6 

* Panel Numbers r e f e r  t o  F i g u r e  24.  

6 2  



FIGURE 27 ,  Model T e s t  Tank Flange  Down P o s i t i o n  (247-70)  
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Tension Tes t  

With the  tank mounted i n  the  f lange up pos i t ion ,  t he  
appropr ia te  amount of water  (as noted i n  T e s t  Plan)  was added t o  increase  the  
support  tube loading  i n  tens ion .  S t r e s s  l e v e l s  were aga in  noted t o  be less 
than  1500 p s i  from observa t ions  of the S t r e s s  Coat. 

Can t i l eve r  Tes t  

To perform the  c a n t i l e v e r  t e s t ,  the  tank and v i b r a t i o n  
adapter  s e c t i o n s  were bo l t ed  t o  a weld p o s i t i o n e r  as  shown i n  Figure 28. For 
t h i s  t e s t  t he  tank  was removed from the  t r anspor t e r ,  and t h e  t r a n s p o r t e r  was 
then  lowered t o  the  f l o o r .  
Def in i t e  s t r a i n s  were ind ica t ed  i n  the  S t r e s s  Coat during t h i s  t e s t .  The 
s t r e s s e s  were lower than previous ly  ca l cu la t ed ,  and t h i s  i s  probably a t t r i b u t a b l e  
t o  manufacturing, r a t h e r  than  d e f i c i e n c i e s  i n  observing the  Stress Coat. The 
j u n c t i o n  of t he  support  tube t o  the  head t r a n s i t i o n  piece was expected t o  be t h e  
h ighes t  s t r e s s  zone a t  19000 p s i  (1.31 x lo8 newtons p e r  M 2 ) .  However, due to  
manufacturing v a r i a t i o n s ,  i . e . ,  a l a r g e r  f i l l e t  a t  the  weld a rea  than spec i f i ed ,  
the maximum measured s t r a i n  ind ica t ed  by the S t r e s s  Coat was 1100 micro-inches 
(2.79 x M) o r  11000 p s i  (7.5 x lO+7 newtons per  M2) f o r  a given s i d e  load 
of 5g i n  bending. The s t r a i n  l e v e l  a t  the weld junc t ion  of the  support  head 
t o  the  head t r a n s i t i o n  j o i n t  was expected t o  be 1700 micro-inches 
however, t h i s  was measured t o  be 700 micro-inches (1 .77  x lO-5M) o r  7000 p s i  
(4.81 x newtons pe r  M2). An at tempt  t o  measure tank d e f l e c t i o n  under load 
proved impossible because the  weld pos i t ioner /end  support  member was not p e r f e c t l y  
r i g i d ,  t he re fo re  the  tank r o t a t e d  about the  c a n t i l e v e r  suppor t .  This r o t a t i o n  
was observed us ing  two bubble l e v e l s ,  one loca ted  on the t a n  su r face  and the  
second on the  face  of the  p o s i t i o n e r .  

(The tank is  not being supported a t  the  mid-point.)  

(4.32 x lO-5M) 

Vibra t ion  Tes t s  

The bare model t es t  tank (see Figure 29) was subjec ted  t o  
v i b r a t i o n  l e v e l s  as  d i c t a t e d  i n  the  Acceptance Tes t  Plan.  Tes t ing  was pe r -  
formed by Dayton T .  Brown Co. ,  Long Is land ,  New York. Both the  l g  and l o g  
a c c e l e r a t i o n  l e v e l s  were completed and the  tank was found t o  be acceptable  
wi th  the fol lowing comments. Observation of the  l g  da ta  obtained from the  
two t r i a x i a l  accelerometers ,  i nd ica t ed  t h a t  a t  t i m e s  the  su r face  loading a t  
the  tank was g r e a t e r  than  the  input  loading.  This ampl i f ica t ion ,  apparent ly  
caused by the  support  head, appeared a t  a resonant frequency of approximately 
70-80 cps.  Therefore,  t he  log  tes t  was conducted using the  tank sur face  pick-  
up t o  l i m i t  t he  input  s i g n a l  t o  the  f lange .  Recorded upsweep da ta  i s  presented 
a s  Figure 30 and 31. Referr ing t o  F igure  30, observe t h a t  a t  120 cps. ,  f o r  a I g  
input  fo re  and a f t ,  t he  tank su r face  was experiencing approximately a 3g 
acce le ra t ion .  Likewise observe t h a t  a t  70 t o  80  c p s .  the  tank v e r t i c a l  a x i s  
was l i k e l y  l i m i t i n g  the f o r e  and a f t  input ,  while  between 80 and 90 c p s .  the  
tank t ranverse  a x i s  was l i m i t i n g  the  input .  S imi la r  observat ions a t  a l og  l e v e l  
can be made from Figure 31. The complete Dayton T.  Brown t e s t  r epor t  is  
included a s  Appendix 7. 
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DAYTON T. BROWN, INC. - TESTING LABORATORIES 66 TESTED FOR: UNION CARBIDE CORPORATION ITEM: TANK 
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4,2.3.3 I n s t a l l e d  SEMI System Evaluat ion Tes ts  

Tes t ing  of the Model System involved two NASA t e s t  s i t e s ,  
namely NASA Plumbrook S t a t i o n  "K" s i t e ,  Sandusky, Ohio and the Goddard Space 
F l i g h t  Center,  Launch Phase Simulator F a c i l i t y ,  Greenbelt ,  Maryland. Evaluat ion 
cons is ted  of the i n i t i a l  thermal t es t ,  t he  Launch P r o f i l e  tes t ,  and a f i n a l  
thermal t es t .  The purpose of the  thermal t e s t i n g  was t o  eva lua te  degradat ion 
of the  SEN1 system r e s u l t i n g  from the  s imulated launch environment. 
of tes ts  performed and the  r e s u l t s  a r e  included i n  the  following s e c t i o n s ,  The 
Launch Phase Simulator T e s t  Plan and the  Thermal t e s t  p lan  a r e  included as  an 
appendix t o  t h i s  r epor t  

Descr ipt ion 

4.2.3 - 3 . 1  SEMI System Thermal Tes t  #l. 

The model system was thermal t e s t e d  i n  the "as received" 
condi t ion  immediately p r i o r  t o  dynamic t e s t i n g .  (The in su la t ed  tank was s to red  
a t  NASA's Plumbrook S t a t i o n  i n  a C02  purge bag f o r  approximately 5 months a f t e r  
f a b r i c a t i o n . )  

The system was t e s t e d  by NASA personnel as  descr ibed i n  Test 
P lan  YOR 1327 (See Appendix 8 ) .  Br ie f ly ,  the tank was mated t o  the A . D , L .  c a l o r i -  
meter cold guard f lange ,  and a helium purge bag i n s t a l l e d  t o  enclose the i n t e r f a c e  
f lange and co ld  guard.  The purpose of t he  helium f i l l e d  co ld  guard purge bag 
was t o  prevent n i t rogen  gas i n  the  Plumbrook chamber from condensing on the LH, 
co ld  guard during the  i n i t i a l  cooldown. The chamber was evacuated one hour a f t e r  
f i l l i n g  t h e  measure tank ( tes t  i t e  wi th  LH2. The guard tank was not  f i l l e d  with 
LH2 u n t i l  2 hours a f t e r  t he  chamber was evacuated. The space behind the panels  
developed leaks ,  and was not  cont inuously evacuated during the t e s t ,  and probably 
accounfs € o r  the  overpressure behind the  panels r e s u l t i n g  i n  blowing out  the po la r  
panels  on warm-up. 
bag i n s t a l l e d  i s  shown i n  Figure 32.  

The model system a f t e r  thermal tes t ,  wi th  cold guard purge 

The fol lowing readings were obtained approximately 24 & 48 
hours a f t e r  the  s t a r t  of the  t e s t :  

24 Haulrs 48 Hours 

Chamber pressure  3 x 10-6 t o r r  4.5 x 10-6 t o r r  

Insul a t i  on Pres  sure  

Panel A-1 
Panel A-2 

7.8 x l o F 4  t o r r  
3.7 x 10-4 t o r r  5.8 x t o r r  

4 x 10-4 t o r r  

Measure Tank Boil Off 52 Btu/Hr, 45 Btu/Hr, 
(15.25 Watts) (13.2 Watts) 

Using the  f i g u r e  of 45  Btu p e r  h r ,  (13,2 Watts),  the ca l cu la t ed  
avera e panel hea t  f l u x  a s  determined by t h i s  t e s t  was 1,3 Btu per  h r , - f t 2  (4-1 Watts 

(4,73 Watts per  M ). 5 per  p/I 5 >. The corn u t e r  pred ic ted  average panel performance was 1.5 Btu per  h r , - f t 2  
It is  ev ident  t h a t  measured thermal performance exceeded the  
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FIGURE 3 2 ,  Node1 System a f t e r  Thermal T e s t  - Cold Guard Purge Bag 
70 I n s t a l l e d .  (P70-2176) 



computer ca l cu la t ed  performance, however, the  reason f o r  t h i s  is not immediately 
known. A thermal shroud including r a d i a t i o n  s h i e l d s  was placed around the in su la -  
t i o n  and could have inf luenced the r e s u l t s  s i g n i f i c a n t l y .  I n  any case,  the same 
set-up was used f o r  the  thermal t e s t  a f t e r  the dynamic t e s t s  were conducted a t  
Goddard. 

4 . 2 . 3 . 3 . 2  SEMI System Dynamic Tests 

The model system was subjec ted  t o  dynamic t e s t s  a t  NASA's 
Goddard Space F l i g h t  Center .  The SEMI system was v i b r a t i o n  t e s t e d  i n  a s o  c a l l e d  
''off board'* v i b r a t i o n  only tes t  mode (see Figure 3 3 ) ,  and a l s o  t e s t e d  i n  the  
Launch Phase Simulator Chamber where the  system was subjec ted  t o  a combined 
environment of acce le ra t ion ,  v ib ra t ion ,  acous t i c s  and a launch evacuat ion p r o f i l e -  
Tes t ing  i n  both modes was performed wi th  the  tank cooled t o  l i q u i d  n i t rogen  
temperature.  The SEMI system is  shown i n  Figure 34 mounted t o  the  movable end 
cap of the t e s t  chamber, being readied f o r  mating wi th  the chamber. 

The SEMI system was t e s t e d  p e r  Test P lan  D I R S  02198 (see 
Appendix 9 )  Actual t e s t i n g  deviated only s l i g h t l y  from t h i s  plan, although, 
acc ident ly  the  u n i t  experienced a log  loading i n  a l l  t h ree  mutually perpendicular  
a x i s  during the  of f  board t e s t  mode. The lower head i n s u l a t i o n  was observed t o  
have s tayed  i n  p o s i t i o n  during and a f t e r  the  of f  board v i b r a t i o n  t e s t s ;  i t  d id  
not pop out  upon warmup a s  was noted a f t e r  t he  f i r s t  thermal t es t  a t  Plumbrook. 
However, before  s t a r t u p  of t he  on-board v i b r a t i o n  t e s t  i n  the  Launch Phase 
Simulator,  t he  lower head was observed t o  have popped a f t e r  the LN2 cooldown. 
Both v i b r a t i o n  t e s t s  were conducted wi th  the  t e s t  tank pre-cooled wi th  l i q u i d  
n i t rogen .  The of f  board t e s t s  w e r e  of a s h o r t  durat ion,  and, as  ind ica ted  by a 
s tudy of t he  temperature p r o f i l e ,  t he  tank was cooled only to  l i q u i d  oxygen 
temperature, and f o r  only a s h o r t  per iod .  
gas t o  condense on the  co ld  sur face ,  r e s u l t i n g  i n  i n s u f f i c i e n t  gas pressure i n  
the  space behind the  panels  t o  pop the  panels  upon warm up. However during the  
on-board v i b r a t i o n  t e s t ,  because of the  complexity of the  s e t  up, the  tank was 
cooled and maintained a t  l i q u i d  n i t rogen  temperature f o r  s eve ra l  hours p r i o r  t o  
s t a r t  of t he  dynamic t e s t .  
a i r  and probably r e s u l t e d  i n  condensing a l a r g e  quan t i ty  of a i r  on LN2 su r faces ,  
The condensed a i r  was then  quickly vaporized when the  LN2 was withdrawn from the 
tank a t  the s t a r t  of t he  dynamic t e s t ,  r e s u l t i n g  i n  a n  increase  i n  pressure i n  
the  space behind the  panels ,  which subsequently popped the  panels .  
t e s t  movies, i t  was noted t h a t  p r i o r  t o  tes ts  the  inne r  s k i r t  and p o l a r  panels 
were s t r e t c h e d  very t i g h t ,  and these  panels  were convex r a t h e r  than concave as  
o r i g i n a l l y  i n s t a l l e d .  This overpressure r e s u l t e d  i n  p lac ing  add i t iona l  forces  
on the  c i rcumferent ia l  panels ,  and probably cont r ibu ted  t o  the f a i l u r e  of panels 
C2 and D2, a t  Goddard. 

This probably allowed very l i t t l e  

During t h i s  period, the  system was exposed t o  ambient 

Viewing the  

It i s  i n t e r e s t i n g  t o  note t h a t  t he  SEMI System endured the  
extreme physical  t e s t i n g  even wi th  the  p o l a r  panels reversed (due to  the  over-  
pressure)  and consequently the  panels  were completely unsupported except f o r  the  
inner  support  s k i r t  cas ing  attachment around the  circumference of the  tank,  
Except f o r  s eve ra l  small  sc raps  of i n s u l a t i o n  t h a t  were observed i n  the  Goddard 
t e s t  movies, ( l a t e r  determined t o  be from panel C2) t he  i n s u l a t i o n  system appeared 
t o  be i n t a c t ,  wi th  no apparent  damage t o  panels o r  panel-to-panel s e a l s .  
Post  Tes t  Evaluat ion,  Sec t ion  4 . 2 . 4 ) .  

(See 
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IGURE 33 .  SEMI System ” O f f  Board” Vibra t ion  T e s t  Mode. 
72 (G 71-2382) 



FIGURE 3 4 .  SEMI System Mounted on End Cap Ready t o  Mate 
Goddard T e s t  Chambe r (G71-2379) 
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L 2 . 3 . 3 . 3  SEMI System Thermal Tes t  #2 

Upon completion of the  dynamic t e s t s ,  t he  SEMI system was 
re turned  t o  NASA Plumbrook's K s i t e  and r e - i n s t a l l e d  i n  the  t e s t  chamber. I n  
view of the  f a c t  t h a t  s eve ra l  of the SEMI panels  had been t o r n  it was decided 
t o  d e l i b e r a t e l y  c u t  a hole  i n  the  cas ing  of a l l  panels  t o  assure  a low i n s u l a -  
t i o n  vacuum, and t o  a l low t h e  chamber t o  be evacuated p r i o r  t o  loading l i q u i d  
hydrogen. The t e s t  was run wi th  the chamber a t  6.9 x 10-6 t o r r ,  panel A-1 was 
reading 2.4 x 10-4 t o r r ,  (A-2 was not  ope ra t ing ) .  A f t e r  48 hours, the  chamber 
pressure  had reached 1.6 x 10-6 t o r r ,  A-1 panel was reading 5.4 x 10-5 t o r r ,  
and the b o i l  o f f  was 42 Btu p e r  h r .  (12.3 Watts) .  This performance compares 
t o  45 Btu pe r  h r .  (13.2 Watts)  achieved p r i o r  t o  the  dynamic tes t s .  Apparently, 
the  i n s u l a t i o n  improved s l i g h t l y  as  a r e s u l t  of the v i b r a t i o n  t e s t i n g .  This 
s l i g h t  improvement i s  probably t r aceab le  t o  a reduct ion  i n  s o l i d  conduct iv i ty  
through the  i n s u l a t i o n ,  o r  perhaps t o  a more f u l l y  recovered i n s u l a t i o n  system. 

The o v e r a l l  system thermal performance was aga in  b e t t e r  than  
c a l c u l a t e d  us ing  the computer program (see Sec t ion  4.2.1.2).  Calculated t o t a l  
hea t  g a i n  f o r  t h e  system was 66.3 Btu pe r  h r .  (19.4 Watts)  a s  opposed t o  a 
measured s teady  s t a t e  b o i l  o f f  of 42 Btu p e r  h r .  (12.3 Watts)  f o r  t h i s  t es t .  
As w i th  the  previous t e s t ,  a s tudy  of the  da t a  p l o t s  does not  reveal  the  reason 
f o r  the  improved thermal performance, as  a l l  thermocouple and Rosemont tempera- 
t u r e  senso r  readings appear  t o  be i n  o rde r .  
formance f o r  t h i s  system is  ca l cu la t ed  a s  1 .2  Btu pe r  h r . - f t 2  (3.8 Watts per  M2) 

The average panel thermal p e r -  

4 .2 .4  Post  Tes t  Evalua t ion  

Upon completion of a l l  t e s t s ,  the  SEMI system was examined 
f o r  damage. Very l i t t l e  damage was observed, wi th  the except ion t h a t  panel "C2" 
had obviously incur red  damage along a panel seam (foam & s h i e l d  were v i s i b l e )  
and t h a t  the  p o l a r  panels,  a l though s t i l l  a t t ached  t o  each o the r ,  were no longe r  
a t t ached  t o  the  tank except  a long the edge s e a l  w i th  the inne r  s k i r t  and circum- 
f e r e n t i a l  pane ls .  P r i o r  t o  removing any panels ,  a l l  of the  c i rcumferent ia l  
panels were ind iv idua l ly  evacuated wi th  a small  roughing pump t o  eva lua te  vacuum 
i n t e g r i t y .  A f t e r  making temporary r e p a i r s  on seve ra l  i n t e n t i o n a l l y  damaged 
a reas ,  a l l  panels  except C2 and D2 were found t o  be evacuable t o  -28 inches of 
mercury ( 9 . 4 5  x lo4  newtons per  M2) w i t h i n  a few minutes of pumping. This was 
considered i n d i c a t i v e  of panel t i gh tness ,  s i n c e  even a small  t e a r  o r  c u t  i n  the 
cas ing  would have had an  observable  a f f e c t  on the achieved pressure  i n  regards 
t o  pumpdown time and pressure  obta ined .  F u r t h e r  l e a k  t i g h t n e s s  eva lua t ion  of 
the  panels was determined t o  be impossible w i t h  the panels  i n s t a l l e d  on the tank.  
(Although the  panels  were c a r e f u l l y  removed, s eve ra l  were damaged s l i g h t l y ,  i n -  
c luding  some delaminat ion a t  the  edge. The delaminat ion r e s u l t e d  from the  edge 
s e a l  procedures a 

removal, s ince  a v a l i d  t e s t  could not  be performed.) 
Consequently, the  panels  were not helium l eak  checked a f t e r  

The c i r cumfe ren t i a l  panels  w e r e  removed from the tank  by 
c u t t i n g  a p a r t  one o f  t he  v e r t i c a l  panel t o  panel s e a l  s t r i p s  between the  panels,  
and removing a l l  e i g h t  panels  as  an  assembly. 
i ng  the panel damage during disassembly. 
served t o  have s u f f e r e d  damage i n  the  cas ing  j o i n t  ad jacent  t o  the  f i b e r  g l a s s  
s k i r t  extension,  and t h a t  the damaged zone of both panels  occurred a t  t he  same 

This method r e su l t ed  i n  minimiz- 
Panels "C2" and "D2" were both ob- 
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FIGURE 36;  C2 Panel Damage - A s  Viewed from t h e  
Tank Side 

FIGURE 37.  D2 Panel Damage - A s  Viewed from Tank S i d e ,  
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tank pos i t i on .  Locat ion of the damaged panel j o i n t s  a r e  shown i n  Figure 35. 
The damaged p o s i t i o n  coincides  wi th  the a r e a  of debr i s  observed i n  movies 
taken during the v i b r a t i o n  t e s t i n g  a t  Goddard Space F l i g h t  Center.  It seems 
c e r t a i n  t h a t  the loose foam came from panel C2 as  can be observed i n  Figure 36. 
Foam was observed t o  be missing from the th ree  innermost l a y e r s .  Panel D,, 
al though opened a t  the  cas ing  j o i n t  i n  a s i m i l a r  manner as  C2, su f f e red  very 
l i t t l e  damage with only minimal breaking of the foam a t  wrinkles .  (See Figure 
37) .  The apparent reason f o r  t h i s  was t h a t  the "DZ0 panel was loca ted  a t  an  
inne r  l aye r ,  and was thus b e t t e r  pro tec ted  (by the  "C2" panel) .  The "C2" 
panel on the  o t h e r  hand was an  outs ide  panel, which the re fo re  allowed t h i s  
panel t o  move about more f r e e l y  and probably was more thoroughly exposed 
during the  accous t i c  noise  tes ts .  

The cas ing  j o i n t  f a i l u r e  was a delamination of the 4 ply 
casing ma te r i a l .  Thickness measurements of the cas ing  ind ica ted  t h a t  one of the 
Mylar l a y e r s  and the bond l i n e  remained wi th  the o t h e r  cas ing  shee t ,  w i th  delamina- 
t i o n  beginning a t  the  vacuum draw radius ,  (formed t o  o b t a i n  the des i r ed  panel 
th ickness) .  Actual j o i n t  th ickness  measurements f o r  panel D2 were .002 -and -007 
inch (5 x 10-5 and 1 . 7 8  x l(j4 M) re spec t ive ly  f o r  the two s i d e s .  Basic mater ia l  
thickness  i s  ,0025 inch (6.3 x H) while the  measured j o i n t  thickness  was 
.009 inch (2.29 x 10'4M). 
d i ca t ed  a j o i n t  thickness  of .0075 t o  ,009 inch (1.9 x 10-4 t o  2.29 x 10-4M). 
The C2 panel a l s o  ind ica t ed  delamination f a i l u r e ,  but  could not be measured, 
s ince  t h i s  was an ou t s ide  j o i n t  and therefore  had been coated during i n s t a l l a t i o n  
and edge s e a l i n g .  

Measurement of a s i m i l a r  a r ea  on the "Cl"  panel i n -  

I Because the  two panel f a i l u r e s  occurred i n  c lose  proximety 
t o  each o ther ,  the f a c t  t h a t  both panels had j o i n t s  delaminated, and the  f a c t  t h a t  
the f a i l e d  j o i n t  thickness  was the  same as  t h a t  measured on another  panel i n  a 
s i m i l a r  zone which d id  not f a i l ,  i nd ica t e s  t h a t  panel f a i l u r e s  occurred because 
of i n s t a l l a t i o n  o r  ou t s ide  loadings and not  because of f a u l t y  panel cons t ruc t ion  
o r  mater ia l s .  Poss ib ly  the  f a i l u r e  i s  a t t r i b u t a b l e  t o  t h e  f a c t  t h a t  t he  back- 
s i d e  of "C," and "D2" panels had inadve r t en t ly  been bonded t o  the f i b e r g l a s  
s k i r t  with Narmco adhesive.  
and the re fo re  could have r e s u l t e d  i n  sub jec t ing  the  j o i n t  t o  g r e a t e r  peel forces  
than  a n t i c i p a t e d  i f  a pressure  buildup occurred behind the  panels .  A VELCRO 
f a s t e n e r  was inadve r t en t ly  loca t ed  very c lose  t o  the edge of the  panel "D2" 
and a l s o  may have cont r ibu ted  t o  the  f a i l u r e  of the "C2" and "D2" panels .  
Panel "CZ1' and I'D2'' were a t tached  t o  each o t h e r  by t h i s  p a r t i c u l a r  VELCRO. 
Af t e r  the  "C2It panel f a i lued ,  i t s  movement and c lose  attachment t o  "D2" probably 
caused the "D2" panel t o  f a i l .  

This bond area  extended beyond the casing j o i n t ,  

The f a c t  t h a t  a pressure buildup d id  occur was observed 
during t e s t i n g  and the re fo re  lends s t r e n g t h  t o  t h i s  theory.  I n  f a c t ,  movies 
ind ica t e  t h a t  the  pressure  behind the  panels was g r e a t  enough t o  force  the  
po la r  panels t o  bulge out  i n  a convex shape, even though o r i g i n a l l y  they were 
i n s t a l l e d  i n  a concave shape, Fu r the r  proof t h a t  an  over  pressure e x i s t e d  i s  
ind ica ted  by the f a c t  t h a t  t h e  th ree  po la r  panels were l i t e r a l l y  ripped apa r t  
a t  the attachment poin ts ,  with sepa ra t ion  f i n a l l y  occurr ing a t  the c losure  bond 
l i n e s  r a t h e r  than f a i l i n g  a t  the VELCRO c l o s u r e ,  The forces  involved r e su l t ed  
i n  t ea r ing  the foam, r a d i a t i o n  s h i e l d s  and cas ing  mater ia l  as seen on Figure 38. 
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FIGURE 38. P o l a r  Pane l s  - A s  Viewed From Tank S i d e ,  
(C - 7 1  -340) 
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FIGURE 3 9 .  Damaged Fiberg las  s k i r t  Model Tank - Post  
Tes t  Evaluat ion 
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The nine inne r  s k i r t  panels were found t o  be i n  good shape 
and s t i l l  a t tached  t o  themselves and t o  the t ank l inne r  s k i r t .  The pi l lowing 
out  of the po la r  panels as  observed i n  movies of the t e s t s  d id  not involve the 
inner  s k i r t  pane ls .  During post  t e s t  examination of the t es t  tank, i t  was a l s o  
noted t h a t  the  f i b e r g l a s  s k i r t  s e c t i o n  had buckled. (See Figure 3 9 . )  The 
exac t  cause i s  not known, however i t  was l i k e l y  caused by the  v i b r a t i o n  t e s t  
specimen encountered during the  offboard v i b r a t i o n  t e s t  a t  Goddard, o r  possibly 
combined thermal and mechanical s t r e s s e s .  It is  poss ib le  t h a t  these same t e s t  
2onditions caused the panels t o  f a i l ,  but  not l i k e l y  s ince  the same panel con- 
f i g u r a t i o n  e x i s t e d  a t  t h ree  o t h e r  l oca t ions  i n  the SEMI system d id  not f a i l .  

A helium l e a k  t e s t  of the  tank a f t e r  the panels were removed, 
ind ica ted  t h a t  the t e s t  tank was s t i l l  helium l eak  t i g h t  a t  ambient temperature.  
Machine s e n s i t i v i t y  was e s t a b l i s h e d  as  10-8 atm cc .  helium pe r  second. 

The panel t o  panel s e a l s  were mechanically acceptable  before  
and a f t e r  physical  t e s t i n g .  However, t h e i r  performance i n  maintaining a l eak  
t i g h t  space behind the  panels  i s  unacceptable i n  as  much as  on each cooldown 
cycle ,  s e a l  damage was incur red  which f o r t u n a t e l y  f o r  t h i s  t e s t  d id  not requi re  
r epa i r .  Use of t h i s  s e a l i n g  method would not be s u f f i c i e n t  on a mission requi r ing  
more than one cyc le  such as  a r e t u r n  t o  a 1 atmosphere ex te rna l  loading a f t e r  the  
panels have been i n  the  vacuum of space.  

4,2.5 Mater ia l s  

The l i s t  of a l l  i n s u l a t i o n  system mater ia l s  and the vendors 
used on the de l ive red  i n s u l a t i o n  system i s  presented i n  t abu la r  form, as Table 6 .  
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4.3 Subscale T e s t i n g  

I n  o rde r  t o  achieve the objec t ives  of the model system, 
small s ca l e  t e s t i n g  of the  var ious concepts and subsystems were performed. 
The fol lowing s e c t i o n s  descr ibe  the t e s t s  performed and the r e s u l t s  achieved. 

4.3.1 Small Panel Tes ts  

Small panel t e s t i n g  cons is ted  of v i b r a t i o n  t e s t s ,  eva lua t ion  
of t he  e f f e c t  of shr inkage due t o  evacuat ion and determinat ion of the  product 
(E I>, (Youngs Modulus times the  Moment of I n e r t i a ) .  
following paragraphs e 

Each i s  discussed i n  the 

Vibra t ion  tests were conducted on a 12 inch (.305M) x 
24 inch (.61M) SEMI panel conta in ing  r a d i a t i o n  sh ik lds  and punched hole  spacers  
wi th  e x c e l l e n t  r e s u l t s  as  t he re  was no apparent damage. The t e s t s  were per-  
formed as  per  the  subscale  v i b r a t i o n  tes t  plan,  included as  Appendix 10  of t h i s  
r epor t .  Photographs of the  evacuated SEMI panel (Figure 40) and the recovered 
panel (Figure 41) a re  presented.  A t ransparent  cas ing  mater ia l  was used on the 
f r o n t  of t he  panel t o  permit v i sua l  observa t ion  during tes t s .  This same panel, 
shown i n  a v e r t i c a l  p o s i t i o n  i n  Figures  40 and 41 was a l s o  t e s t e d  i n  two h o r i -  
zonta l  pos i t i ons .  The th ree  pos i t i ons  a re  shown schematical ly  i n  Figure 42. 

The two dummy panels and the t e s t  panel were a t tached  t o  each 
o the r  and t o  the  t e s t  f i x t u r e  by nylon VELCRO fa s t ene r s  l oca t ed  on the  p a t t e r n  
shown i n  Figure 43. The 1 inch x 2 inch (.025 x .05 M) s t r i p s  of VELCRO No. 65 
nylon c losure  were placed a t  r i g h t  angles t o  each o t h e r  such t h a t  c ros s  mateing 
the hook and p i l e  would r e s u l t  i n  a one square inch con tac t  a rea .  Fas t ene r  
c losure  pressure  was achieved by evacuat ing the  panel assembly, thereby achieving 
a 15  p s i  (1.03 x l o 5  newtons p e r  M2) uniform compressive loading, such a s  w i l l  be 
the case i n  a c t u a l  panel assembly. A s  discussed i n  the test  plan, the edges of 
the t e s t  panel,  and the  VELCRO s t r i p s  w e r e  bonded t o  the  tes t  f i x t u r e  wi th  
con tac t  adhesive.  

A s  ou t l i ned  i n  the  t e s t  plan, the  panel assembly was i n i t i a l l y  
subjec ted  t o  l g  sweeps from 20 t o  150 Hertz and then  increased t o  8.5g sweeps i n  
the range of 20 t o  150 Hertz f o r  evacuated and/or  recovered panels .  I n  add i t ion  
t o  the s t a t e d  t e s t  p l an  loads,  the recovered panel assembly was held a t  a con- 
s t a n t  frequency of 55 Hertz and 8.5g €o r  approximately 10  minutes i n  p o s i t i o n  B 
as  shown i n  F igure  42, without  any apparent damage. Total  v i b r a t i o n  t e s t i n g  of 
t he  panel assembly f o r  a l l  pos i t i ons  was approximately 50 minutes of which 45 
minutes of t e s t i n g  was a t  t h e  8.5g v i b r a t i o n  l e v e l .  The foam spacer  mater ia l  
appeared t o  be i n t a c t  a f t e r  t e s t i n g ,  with no i n d i c a t i o n  of powdering o r  foam 
sepa ra to r  breakage. The Mylar r a d i a t i o n  s h i e l d s  and the  cas ing  a l s o  d i d  not 
appear t o  have experienced any damage. As a f i n a l  t e s t ,  the  two dummy panels 
were removed leaving  only the  t e s t  panel (not sh ingled)  adhered t o  the f i x t u r e  
only along the  bottom edge, and fou r  VELCRO f a s t e n e r s  l oca t ed  a t  each corner .  
The t e s t  panel was then  v ib ra t ed  i n  p o s i t i o n  B, Figure 42 i n  the recovered 
condi t ion .  The VELCRO tes t  panel attachments,  subjec ted  t o  8.5g sweep i n  20 
t o  150 Hertz range, were s l i g h t l y  loosened, although no permanent damage occurred 
and the panels were e a s i l y  re jo ined  a f t e r  t he  t e s t .  This t e s t  was considered more 
s t r i n g e n t  s ince  the  recovered panel was not cons t ra ined  by adjacent  panels as a re  
the panels which w i l l  be i n s t a l l e d  on ac tua l  tankage. 
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FIGURE 40. Evacuated Sub-sca le  SEMI Panel V i b r a t i o n  T e s t  (1125-69) 
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84 
Figure 41 e (Recovered) Sub-scale SEMI Panel V ib ra t ion  Test  

(1124 -69) 



A .  Panel Vertical 
Machine Head Vertical 

B. Panel Horizontal 
Machine Head Vertical 

C. Panel Horizontal 
Machine Head Horizontal 

FIGURE 42.  Subscale Panel Vibration Test Positions 85 
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Addit ional  t e s t i n g  involved measuring the amount of shrinkage 
a panel undergoes during evacuat ion.  This shrinkage was determined t o  be . 1 2  inches 
(3 x lO'3M) i n  20 inches (.51M) o r  0.006 i n / i n .  (M/M). This was determined by 
measuring the d is tance  between two poin ts  on the cas ing  mater ia l  before  and a f t e r  
evacuat ion of the unres t ra ined  panel.  This shrinkage, a t t r i b u t a b l e  t o  evacuation, 
i s  not permanent. It i s  l i k e l y  a r e s u l t  of the  punched foam spacer  being s l i g h t l y  
corrugated due t o  i r r e g u l a r  number of l a y e r s  i n  the composite spacer .  This corru-  
gated sur face  is somewhat v i s i b l e  i n  the  t ransparent  casing shown i n  Figure 40 .  

The product E 1  (Young's Modules times the  moment of  i n e r t i a )  
f o r  the unevacuated PT-6 SEMI panel conf igura t ion  was determined t o  be 14.33 l b - i n 2 )  
9.9 x 103-N/M2 f o r  the v i b r a t i o n  t e s t  panel.  
Cant i lever  d e f l e c t i o n  of 3-1/4 inches (.0825M) measured 14 inches (.355M) from the 
support  tabke, f o r  a 1 /2  inch (.0127M) t h i c k  foam panel, 11 inches (.279M) wide. 

This value was ca lcu la ted  from a f r e e  

4.3.2 Foam Saacer Evaluat ion 

Urethane foam f o r  previous con t r ac t  work on the SEMI system 
has been obtained from Union Carbide Chemicals as  an  experimental item. For  
t h i s  con t r ac t ,  i t  was decided t o  eva lua te  a commercial foam vendor, i n  add i t ion  
t o  Union Carbide Chemicals. Foam was purchased from Dacar Chemicals Company 
and a l s o  Union Carbide Chemicals. The foam was produced by both Companies 
according t o  the fol lowing formula: (previously used i n  cont rac t  NAS 3-6289 
and NAS 3-7953). 

TABLE i! 

UCC - Open Cel l  Rigid Polyurethane Foam Components 

NIAX Poly01 T-221  1'00.0 PBW 
Ucon - 11 30.0 
L-5320 4 .0  
TMBDA 0.6 
Aluminum No. 422 1 .o 
NIAX AFPI 103 .O 
Stannous Octoate 0.2 

Compression t e s t s  performed a t  ambient temperatures of foam 

The Dacar Chemical's foam however, was more compressible, probably 
cubes i n  the  same manner as  i n  the  previous con t r ac t s  ind ica ted  both foams t o  be 
acceptable  e 

a t t r i b u t a b l e  t o  a somewhat l a r g e r  c e l l  s i z e .  The l a r g e r  c e l l  s i z e  d id  l i m i t  the 
minimum s l i c e d  foam th ickness  t o  0.035 inch (8.9 x M). UCC foam could be 
s l i c e d  t o  .02 inch (5.08 x lom4 M) chick. 

I n  o rde r  t o  eva lua te  a mult i - layered panel using the two 
foams, a small  t e s t  panel, 11 i n  x 1 7  i n  (.279 x .431M) was f ab r i ca t ed  containing 
two 8-1/2 i n  x 11 i n  (.216 x .279M) s t acks  of composite l aye r s  of foam and rad ia-  
t i o n  s h i e l d s .  
lO"4M) as  used on the previous con t r ac t ,  while the  o t h e r  s t a c k  contained foam 
spacers ,  .035 inch, t h i c k  (8.9 x 10-414) f ab r i ca t ed  from the Dacar foam. 
t e s t s  of the  panel, using compressed and recovered dimensions of both composite 

One s t a c k  cons is ted  of UCC open c e l l  foam, .02 in .  t h i c k  (5.08 x 

Evacuation 

87 



s t acks  as  c r i t e r i a ,  i nd ica t e s  l i t t l e  d i f f e rence  between the foams i n  terms of 
load d e f l e c t i o n  c h a r a c t e r i s t i c s  o r  -panel th ickness  a f t e r  the i n i t i a l  evacuat ion.  
P r i o r  t o  the i n i t i a l  evacuation, the Decar foam panel was th i cke r  than the  UCC 
foam panel as  would be expected. 

To determine the foam dens i ty ,  the samples were measured 
with ve rn ie r  c a l i p e r s ,  and the weight of each sample was obtained on a beam 
balance,  The dens i ty  was then  ca l cu la t ed  by d iv id ing  the  sample wei h t  by'.the 
volume. Density f o r  both foams was i n  the range of 2.0 PCF (32 kg/M 3 ) e  

4,3.3 VELCRO Fas t ene r  Evalua t ion  

To ga in  f u r t h e r  experience and knowledge with the VELCRO 
fas tener ,  s eve ra l  small  s c a l e  s t a t i c  t e s t s  were performed. These included the 
determinat ion of the  tension,  shear ,  and peel s t r eng ths  of the nylon c losure ,  
as  well  as  the a s soc ia t ed  attachment problems i n  bonding the  nylon c l e su re  t o  
Mylar and aluminum, This da t a  was used i n  the  panel s t r u c t u r a l  ana lys i s  of 
Task I and Task 11. (Sect ion 4.1.3) 

Limited t e s t i n g  of No. 65 Nylon VELCRO f a s t ene r s  a t  ambient 
temperature and a f t e r  LN2 temperature cyc les ,  i nd ica t e s  t h a t  t he  vendor coated 
f a s t e n e r  (VELCRO s t y l e  No. SA 0145A - Methyl Ethyl Ketone (MEK) a c t i v a t e d )  was 
s u i t a b l e  f o r  bonding nylon VELCRO f a s t e n e r  t o  both Mylar and aluminum s u b s t r a t e s .  
While i t  has been determined t h a t  s t ronge r  bonds w e r e  obtained using a Goodyear 
prime and Narmco urethane adhesive,  i t  was a l s o  apparent t h a t  t he  VELCRO loop 
and p i l e  c losure  separa ted  a t  a peel s t r e n g t h  of less than  1 l b .  pe r  inch 
(1.79 x LO4 gm pe r  M), of  width of c losure ,  and d id  not  requi re  the s t ronge r  
bonds ~ Indeed during the  Mylar laminate cas ing  mater ia l  t e s t s ,  laminate f a i l u r e  
was experienced before  f a i l u r e  of the adhesive j o i n t  being t e s t e d .  

VELCRO samples, bonded t o  subs t r a t e s ,  were subjec ted  t o  s i x  
ambient cryogenic temperature cyc l ings  before  peel t e s t i n g .  Minimum 90' peel 
s t r eng ths  of 4 l b s .  p e r  inch (7.16 x lo4  gm pe r  M) were measured on the VELCRO 
adhesive backed samples a t t ached  t o  aluminum p l a t e s .  Separat ion occurred between 
the nylon f a s t e n e r  and the  adhesive,  wi th  -50% of the  adhesive remaining on the 
aluminum. S imi la r  90' peg1 t e s t s  of t he  uncoated Nylon VELCRO f a s t e n e r  adhered 
t o  aluminum p l a t e s  w i th  the Goodyear/Narmco system y ie lded  t e s t  r e s u l t s  of 22 l b s ,  
per  inch (3.94 x l o 5  gm per  M).  Separat ion occurred between the Goodyear prime 
and the Narmco urethane adhesive.  90' peel t e s t s  performed using the Mylar casing 
mater ia l s  as s u b s t r a t e  r e s u l t i n g  i n  delaminat ing the cas ing  mater ia l  regard less  of 
the adhesive system used. 

Shear t e s t s  performed on samples of the VELCRO adhesive t o  
aluminum, and t h e  VELCRD Goodyear/Narmco adhesive t o  aluminum, y ie lded  values of 
shea r  s t r e s s  i n  excess of 12.5 p s i  (8.6 x L O 4  newtons p e r  M2) without f a i l u r e s ,  

Shear t e s t s  of the assembled VELCRO f a s t ene r s  (VELCRO loop t o  
VELCRO p i l e  assembled under a 15 p s i  (1.03 x l o 5  newtons per  M2) compressive load 
p r i o r  t o  t e s t i n g ,  r e su l t ed  i n  a j o i n t  capable of achieving 4.25 p s i  (2.92 x lof4  
newtons per  M2) shea r  s t r e s s ,  wi th  approximately 0.2 inch (5 x M) s l ippage  
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occurr ing before  sepa ra t ion .  The complete shea r  s t r e s s  vs .  d e f l e c t i o n  curve f o r  
a 2 i n .  x 2 in.. (.05 x .05M) sample of No. 65 VELCRO closure i s  shown i n  Figure 44 .  
Results of o t h e r  t e s t s  a r e  shown i n  Table 8 .  

Tension t e s t s  of VELCRO loop t o  VELCRO p i l e  assembled under 
var ious c los ing  pressures  ind ica ted  t h a t  j o i n t  s t r e n g t h  is  independent of c los ing  
pressure i n  the range of 1 5 . t o  50 p s i  (1.03 x l o 5  t o  3.4 x lo5  newtons per  M2), 
and therefore  one atmosphere I s  s u f f i c i e n t  t o  achieve c losure .  J o i n t s  t e s t e d  
ind ica ted  t e n s i l e  s t r e n g t h  on the order  of 1 p s i  (6.8 x 103 newtons pe r  M2) ~ 

Although t h i s  value i s  q u i t e  low and much l e s s  than  the  vendor published da ta ,  
i t  is  s u f f i c i e n t  f o r  t h i s  app l i ca t ion .  

4.3.4 Radiat ion Shield R e s i s t i v i t y  

The o b j e c t  of t h i s  t e s t  was t o  determine the  r e s i s t i v i t y  of 
the  aluminized Mylar s h i e l d  mater ia l  t o  be used on t h i s  con t r ac t .  R e s i s t i v i t y  
i s  an i n d i c a t i o n  of emis s iv i ty  f o r  a p a r t i c u l a r  vendor. The procedure, which i s  
q u i t e  s i m p l e ,  involves measuring the  r e s i s t ance  of the  coat ing on each s ide  over 
a given length ,  and then sub t r ac t ing  the end e f f e c t s  by measuring the  r e s i s t ance  
of 1 /2  the i n i t i a l  l ength ,  and d iv id ing  by a dimensionless number per  the 
following formula: 

where Rt = Resistance of Total  Length i n  OHMS 

R1 = Resistance of l e f t  ha l f  of t o t a l  
l ength  i n  OHMS 

R2 = Resistance of r i g h t  ha l f  of t o t a l  
l ength  i n  OHMS 

L = Tota l  length  (Between extreme 
con tac t s )  = inch 

W = Width of s t r i p ,  inch 

R = R e s i s t i v i t y  - OHMS pe r  square 
- 

The tes t  sample i n  t h i s  case measured .25 inch (6.3 x 10-3M) 
wide by 15 inches (.381M) long. Resistance measurements were taken between a 1 2  
inch (.305M) gage length .  The sample was clamped t o  a P lex ig las  t a b l e  using 
copper s t r i p s  a t  e i t h e r  end t o  assure  a good e l e c t r i c a l  contac t  over  the t o t a l  
sample width,  

The tes ts  were performed sepa ra t e ly ,  on both s ides  of the 
aluminized 1 /4  m i l  (6.25 x 10-6M) Mylar r a d i a t i o n  s h i e l d .  
of the mater ia l  used was 0.4 ohms per  square while the  con t r ac t  required 0.5 2 
0.2 ohms pe r  square ,  The r e s i s t i v i t y  i n  ohms p e r  square i s  a recognized 
measurement technique e 

The measured r e s i s t ance  
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I, 

Shear Test 
Nylon VELCRO Closure No. 65 

2 inch Square Sample Assembled 
a t  15  P S I  

.o -08 . / 2  . /6 ,z 0 . a  -2.8 
DEFLECTION I N  INCHES 
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SUMMARY - NYLON VELCRO TESTS 

TEST SPECIMENS* Ouantitv Tested 

Fastener 90' Peel Tests 

VELCRO to Aluminum EL 
VELCRO adhesive 4 

VELCRO/Goodyear-Narmco 

VELCRO to 4 p l y  laminate 

VELCRO adhesive 

VELCRO/Goodyear-Narmco 

7 

2 

3 

---=a+ Fastener Shear Tests 

VELCRO to aluminum 
VELCRO adhesive 
VELCRO/Goodyear-Narmco 

Results 

- 4 lbs. per inch to 
maintain 90' peel ad- 
hesive remained on 
aluminum. 

- 22 lbs. per inch to 
maintain peel-separa- 
tion occurred between 
Goodyear and Narmco 

Casing material delam- 
inate at - 4 lb. per 
inch 

Casing material delam- 
inate at - 4 lb. per 
inch 

Ultimate shear strength 
greater than 12.5 psi at 
ambient and cryogenic 
,temperatures without 
failure 

Closure Test- VELCRO to VELCRO 

Shear Separation at 4.25 psi at 
- 3 1  deflection (See Figure 4 4 )  

Tension Failure at - 1 psi at am- 
bient temperature 

* Subjected to 6 temperature cycles from ambient to -320'F before testing. 
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4.3.5 Cas ing  Mate r i a l  Pe rmeabil i t y  

Two cas ing  ma te r i a l  laminates  were used on t h i s  c o n t r a c t .  
The i n t e r i o r  p o r t i o n  of t he  panel ,  i . e .  t h a t  no t  o r d i n a r i l y  exposed t o  atmospheric 
a i r  c o n s i s t s  of a 4 p ly  aluminized Mylar laminate ,  while  t h e  remaining p o r t i o n  of 
t he  panel i s  a composite of a Mylar-aluminum foi l -Mylar  laminated t o  the  4-ply 
ma te r i a l .  The permeabi l i ty  r a t e  of both ma te r i a l s  i s  requi red .  However f o r  the  
laminate  of f o i l  and 4 ply  laminate ,  s i n c e  t h e  permeabi l i ty  of t he  f o i l  laminate  
i s  s o  much l e s s  t han  the  permeabi l i ty  of t he  aluminized Mylar, only the  
permeabi l i ty  of t he  Myla r / fo i l  laminate  was eva lua ted  t o  i n d i c a t e  the  o v e r a l l  
permeabi l i ty  of t he  fo i1 /4  p ly  composite. 

Four, 6 inch  (.15M) diameter  samples of a Mylar-aluminum 
f o i l  -Mylar cas ing  ma te r i a l  were helium l e a k  chekked p e r  procedures developed 
under previous c o n t r a c t s  (See Appendix 12) .  The r e s u l t s  of these  f o u r  t e s t s  
i n d i c a t e  t h a t  t h e  ma te r i a l  i s  acceptab le  f o r  use a s  t h e  b a r r i e r .  (The ma te r i a l  
w i l l  be laminated t o  t h e  f o u r  p ly  cas ing  ma te r i a l  a t  t he  a i r  exposed o u t e r  113 
of t h e  SEMI pane l ) .  It w i l l  be necessary t o  v i s u a l l y  in spec t  t he  ma te r i a l  f o r  
gross  pinhole  l e a k s .  The r e s u l t s  a r e  l i s t e d  below: 

Test  No. 1 Unable t o  pump below 5 0 ~  - pinholes  
2 Gross l e a k  - No t e s t  
3 Less than  2.2 x 10-8 atm. cc .  helium 

p e r  s e c - f t 2  atm. 
helium p e r  s e c .  M2 atm.) 

p e r  s e c - f t 2  atm. (2.37 x 10-7 atm. cc .  
helium pe r  sec. M2 atm.) 

(2.37 x 10-7 atm. cc. 

4 Less than  2.2 x 10'8 atm. cc. helium 

Permeabi l i ty  T e s t  - 4 P ly  Aluminized Mylar Laminate 

S ix  inch  (.15M) diameter  samples of t he  4 ply  cas ing  ma te r i a l  
w e r e  helium l e a k  t e s t e d  t o  determine permeabi l i ty  p e r  procedures l i s t e d  i n  
Appendix 12. Because of t he  h igh  permeabi l i ty  of t h i s  ma te r i a l  and the  s e n s i -  
t i v i t y  of t he  helium d e t e c t o r ,  i t  was necessary  t o  use a s p e c i a l  t e s t  gas mix- 
t u r e  of 1% helium gas i n  n i t rogen  gas,  as  opposed t o  us ing  100% helium gas,  
By the use of t h i s  technique,  the  range of t he  l e a k  d e t e c t o r  can be extended, 
a l lowing the  permeabi l i ty  t o  be determined by c o r r e l a t i n g  the measured l eak  wi th  
the  concen t r a t ion  of t he  helium i n  the  t e s t  gas mixture,  the  l e a k  r a t e s  being 
propor t iona l  t o  gas concent ra t ion .  

The e s t a b l i s h e d  l e a k  r a t e  f o r  the  ma te r i a l  used on t h i s  
e f f o r t  was 3.5 x atm. cc. helium p e r  second-foot2.  
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APPENDIX 1 

SEMI Panel Stress Analysis 

Full Scale Insulation System 

1. Thermal Stresses 

Tank material: aluminum 
Panel skin material: aluminized mylar 

-3 The contraction of aluminum shell from 293 to 20°K is 4.15 x 10 
in/in. Average coefficient of thermal expansion for mylar film between 
293 and 77OK is 2.22 x 10-5 in/in. OK. The value of additional contrac- 
tion from 77 to 20°K is not available for mylar, but it is estimated to 
approach zero, particularly when compared to evacuation contractions 
which were demonstrated to be .00625 idin. of panel. Therefore, it is 
not necessary to perform the dynamic tests at Goddard using liquid helium. 
Thus, assuming that 4.80 x 10-3 idin. represents the total contraction 
of Mylar from 293'K to 20°K, there is a differential contraction equal to 
0.65 x 10-3 in/in. which is active only on the portion of the panel attached 
directly to the tank. If VELCRO fasteners are used they are expected to 
provide the necessary motion without large resulting forces. On the other 
hand, if adhesive is used, stresses may develop in the panel skin, since 
the adhesive is expected to be quite rigid at cryogenic temperatures. 

a. Stresses ResultinE from Thermal and Evacuation Contractions 

Assuming that an 8' by 8 '  panel contracts towards the center 
the total contraction near the extremities of the panel will be 48(.00065 + 
.00625 = .331 in. 

Compressed Panel / d 
Deformed 
VELCRO 

(Both Ends) 

Undeformed VELCRO fasteners 
(Center) 
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Some s i d e  s l i p  i n  t he  VELCRO c losure  s t a r t s ,  t o  occur a t  a 
deformation of .21 inch. This means t h a t  some s l ipp ing  w i l l  occur a t  the 
o u t e r  attachment po in t s .  I f  excess a rea  i s  provided such s l i p p i n g  w i l l  occur 
under cons tan t  fo rce  and once the con t r ac t ion  i s  accomodated the  attachment 
w i l l  remain under t h e i r  maximum s t r e s s  which, from t e s t  i s  4.25 p s i .  

Excess 
Area 

- J o i n t  Area 

A t  t h e  attachment po in t s  Mylar sk in  w i l l  be  i n  tens ion .  I f  
we assume the  attachment a reas  t o  be 2 i n .  square, the  force  p e r  j o i n t  

F = 4.25 x 4 = 17.0 l b s .  
and the  stress i n  Mylar i s  

= 4250 p s i  1 7  .O 
3 x .002 'my1 a r  

This  i s  a s a f e  value f o r  Mylar. A s  long a s  the re  i s  an  
e x t e r n a l  force  compressing the  panels,  the  same pressure  w i l l  a c t  on the  
whole s t r u c t u r e ?  s i n c e  the  space between the  panels  w i l l  a l s o  be evacuated. 
The c o e f f i c i e n t  of f r i c t i o n  f o r  Mylar i s  found t o  be about 0 .4  s o  t h a t  
t he  panels  a r e  held from s l ipp ing  wi th  a f r i c t i o n a l  force  of 14.7 x .4 = 
5.88 p s i .  For an 8 f t .  panel t o  s l i p  would r equ i r e  a t e n s i l e  stress i n  
Mylar equal t o  

48 5 0 8 8  = 141,000 p s i  - 
'mylar 002 

which would cause a f a i l u r e  i n  Mylar. On the  o the r  hand, i f  the  Mylar i s  
he ld  i n  place without  s l i p p h g ,  t he  r e s u l t i n g  s t r a i n  due t o  thermal con- 
t r a c t i o n  and evacuat ion i s  .0069 i n / i n .  This ,  from t e s t ,  corresponds t o  
about 8,000 p s i  stress, wel l  below the  breaking s t r eng th  i n  Mylar. 

Since now the  p o s s i b i l i t y  i s  admitted of the  panels  being 
held f a s t  by the  f r i c t i o n a l  forces  i t  i s  necessary t o  check whether foam 
can accept  s t r a i n s  due t o  thermal con t r ac t ion  without  breaking. 
average c o e f f i c i e n t  of thermal expansion f o r  polyurethane foam i n  the  
region of 293 t o  77'K i s  6 . 3 9  x 10-5 i n / i n .  OK which means t h a t  the t o t a l  
Contract ion i s  1.380 x 10-2 in / in .  Since the s t r a i n  a t  f a i l u r e  f o r  poly- 
urethane foam i s  about 4 x 10-2 i n / i n .  the  foam should take the s t r a i n  due 
t o  thermal con t r ac t ion  without  cracking.  

The 
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However, r ega rd le s s  of the  s t r e n g t h  of the ma te r i a l s  involved, 
both of these f a i l u r e s  appear t o  be physical  i m p o s s i b i l i t i e s  i f  the time 
element and change i n  temperatures a r e  eva lua ted  on a r e a l  t i m e .  

b . Dvnamic Loads 

The maximum a x i a l  dynamic load i s  8.5 g .  This load w i l l  
p lace the  s i d e  i n s u l a t i o n  i n  shear  and t h e  head i n s u l a t i o n  i n  t ens ion  or  
compression. The panels weigh 2 .5  l b / f t 3  recovered. Since the  thickness  
of recovered panels  i s  0.5 i n .  and we consider  t h r e e  thicknesses  of panel 
t o  be a t t ached  t o  the tank, the t o t a l  s t r e s s  i s  

W i s  t h e  dynamic fo rce  pe r  u n i t  a r e a  exe r t ed  as s h e a r  on the s i d e  i n s u l a t i o n  
and i n  t e n s i o n  o r  compression on the  head i n s u l a t i o n .  Since, due t o  atmo- 
s p h e r i c  pressure,  t h e r e  w i l l  be a fo rce  of 14.7 p s i  normal t o  su r face  and 
5.88 p s i  t a n g e n t i a l  ( f r i c t i o n  f o r c e ) ,  t h e r e  w i l l  be no s l ippage  o r  sagging 
of the i n s u l a t i o n  panels e 

arguments as above hold, so t h a t  no d i f f i c u l t i e s  should be a n t i c i p a t e d .  
The maximum t r ansve r se  dynamic fo rce  i s  1 .5  g.  The same 

2 .  Stress Behavior of Panels While they a r e  Cold b u t  Recovered 

With panels  recovered, bu t  wi th  launching loads s t i l l  imposed, the 
following modes of f a i l u r e  should be considered. 

a .  D i f f e r e n t i a l  thermal c o n t r a c t i o n  

b .  Shear load on s i d e  panels s k i n  due t o  long i tud ina l  loads 
(8.5 g max.) 

c .  Tens i l e  load on head panels due t o  l o n g i t u d i n a l  loads ,  

d. Combined shea r  and t e n s i l e  load on the s i d e  panels during 
a x i a l  a c c e l e r a t i o n  and v i b r a t i o n .  

e .  Tendency t o  break the  foam s h e e t s  i n  buckling due t o  longi- 
t u d i n a l  loads .  

f .  S t r e s s e s  on panel casing m a t e r i a l  s e a l s  
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a .  D i f f e r e n t i a l  Thermal Contract ion 

Since the re  i s  only t h e  d i f f e r e n t i a l  thermal con t r ac t ion  
a c t i n g  on the  panel t he  e f f e c t i v e  cont rac t ion  a t  ou ter  attachment po in t s  
i s  .0312 i n .  (see l a ) .  From test ,  t h i s  i s  equal  t o  1.3 p s i  on the  VELCRO 
j o i n t s ,  which i s  wel l  w i th in  the c a p a b i l i t y  of the  c losure .  

b .  Shear Load i n  Side Panel Skin Due t o  Longi tudinal  Load 
(8.5 g max.) 

The fo rce  due t o  dynamic load i s  0.0182 p s i  (see 1 b) .  A l -  
lowing 4 i n 2  of VELCRO attachment a rea  p e r  l € t 2  of panel the  shear  stress 
i n  t h e  VELCRO j o i n t  i s  -0182 x = .66 p s i .  Added t o  the thermal con- 
t r a c t i o n  stress of 1 ,3  ps i ,  w e  have 1.96 p s i  t o t a l  shear  stress which i s  
s a f e  f o r  VELCRO j o i n t s .  

c .  Tens i le  Load on the  Head Panels due t o  the  Longitudinal 
Loads - 
Since the  panels  a r e  on the  f r o n t  end of t he  tank the  s teady 

a c c e l e r a t i o n  load  of 2g w i l l  cause the  compression of the panels,  however 
these  forces  w i l l  cause no problem because of t he  low panel dens i ty .  The 
v i b r a t i o n  loads  w i l l ,  of course,  introduce both t e n s i l e  and compressive 
s t r e s s e s ,  bu t  the  response of the recovered panels t o  v ib ra t ions  i n  the  
20-150 h e r t z  range appears t o  be so low t h a t  no problems a r e  an t i c ipa t ed  
wi th  t h i s  type of loading.  

d .  Combined Shear and Tens i le  Load on the  Side Panels During 
Axial  Accelerat ion and Vibra t ion  

This load can occur i n  the  following combinations: 

Shear load: 8.5 g, t e n s i l e  load: 1 g 
Shear load: 2.5 g, t e n s i l e  load: 1.5 g 

For 8 .5  g shear  load i t  was f0un.d i n  2b t h a t  t he  t o t a l  
shear  stress i s  1 .96ps i .  I n  i t s e l f  t h i s  stress i s  s a t i s f a c t o r y  f o r  
VELCRO f a s t e n e r s  

The t e n s i l e  load w i l l  not  be d i s t r i b u t e d  uniformly over a l l  
the  at tachments .  
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As shown in the figure, the contents of the panel will exert 
a pressure on the outer skin which will then be transmitted through panel 
edges to the inner skin. From this it follows that instead of being 
evenly distributed over all the attachment points the load will exert a 
pull on the outer edges of outer attachments creating a peeling effect. 
The peeling of the joint, however, cannot occur unless the force acts 

at an angle of at least 30" from the plane of the attachment. I n  order 
for the force to act at that angle a certain sagging of the panels must 
occur. 

It may be noted that the cylindrical panel system has a 
fixed outer circumference resulting from panels being sealed at their 
outer edges. The upper half of the panels compresses somewhat under its 
own weight and the weight of the lower panels hanging on them. Under 
1.5 g load this amounts to 

0.0182 x 8.5 l V 5  = -0065 psi 

and the compression corresponding to this pressure can be neglected. 
At the 'bottom the panels will compress under their own weight x 1.5 g 
which is also negligible. If the attachment is, say, 1 inch from the 
edge of the panel, in order to achieve a 30' angle with the attachment 
the deflection 6 is 

8 = sin 30" = 1 sin 30" = 0.5 in. 

Since such deflection cannot be attained, the panel contents will rest 
on the outer skin before any peeling on the VELCRO fastener occurs. 
It is, however, recommended that VELCRO attachment be placed at least 2" 
away from the edge of panel as a precaution. 

98 
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e .  Tendencv f o r  t he  Foam Sheets t o  Break i n  Buckling. Due 
t o  Longi tudinal  Loads 

The foam shee t s  i n s ide  the  panel may buckle when exposed 
t o  long i tud ina l  loads .  The most severe case w i l l  be buckling of the  end 
of the. panel which w i l l  be equiva len t  t o  a column b u i l t - i n  a t  one end and 
f r e e  a t  the  o the r .  

P 

The buckling condi t ion  f o r  such a conf igura t ion  i s  

or 

4 
t o  be the  weight of a s t r i p  20 f t ,  long x 1 i n .  wide x .5 i n .  t h i c k  mul- 
t i p l i e d  by 8.5 g.  

From tes t  E1 = 1.30 i n  - p s i / i n .  of panel width.  Assume P 

2.5 x 8.5 x .5 x 20 ~ 

144 lbs I ? =  

E -  = 1.47 in, 

Thus, t h e  smal les t  l ength  t o  buckle i s  1-47  i n .  To cause 
breaking of t he  foam s u b s t a n t i a l  de f l ec t ion  6 (higher than 0.5 i n . )  w i l l  
be needed f o r  t h i s  length .  Again, because of t he  f ixed  outer  circumference 
the  de f l ec t ions  w i l l  be  l imi ted  r o  small  values,  so t h a t  buckling i s  not  
expected t o  be a problem. 
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f. Stress on Panel Casing Seals 

The most serious stress appears to be the peeling stress 
on the panel seal which could come into being with the configuration of 
the panel 

withstand 

as shown below. 

' For an 8 ft, long panel the weight per inch of width is 

2'5 O 5  = 0.208 lb./in. 144 

Wfth 8.5 g P = 1,77 lb/in. of seal.. Since the seals can 
greater forces, this is a satisfactory condition. 
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APPENDIX 2 

SUPPORT END INSULATION THERMAL ANALYSIS 

The upper end of the Model tank is not insulated with a staggered polar 
panel system, as is the lower end. Instead, it is surrounded by a cylindrical 
plug of foam. This foam is isotropic and of uniform thermal conductivity k. 

To evaluate the temperatures and heat fluxes within this foam plug, the 
temperatures at all surfaces were prescribed,as follows: 

(T = T b-,z)) 

Top Surface: 

Inner Pipe: Tc a Tcryogenic T (r9z) = 

Spherical Insert: T(r, Jro9z) = Tc, Z 5 h 

One can see that, at the outer surface, the temperature is prescribed at 
cryogenic for a certain height h, then increases linearly to ambient, remaining at 
ambient for a distance and at the other end of the plug. 

The Fourier equation in cylindrical coordinates is 

Partly because of the geometric complication introduced by the hemispheri- 
cal insert at the bottom of the plug, a simple relaxation technique was chosen for 
solving the equations, 
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Since the system i s  a t  steady s t a t e ,  the sum of a l l  
point  must vanish.  Thus, from diagram a t  the l e f t :  

q* + qr, + q,+ + 

where 

and 

. heat  

- 
42- - 

f luxes  

0 

en te r ing  

By s e t t i n g  up a f i n i t e - d i f f e r e n c e  mesh wi th in  the  plug, s e t t i n g  up a hea t  
balance equat ion  i n  the form of equation (2) a t  each point,  and assuming an i n i t i a l  
temperature a t  each point,  we can sweep through a l l  the mesh po in t s  repeatedly,  
using equation (2) t o  f i n d  T i 9 j 9  u n t i l  convergence i s  achieved. We then e v a l -  
uated the heat  f luxes from t h e  converged temperatures as summarized i n  the 
general  t e x t .  
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G. ALL WELDED CONSTRUCTION PER ASME 
B O I L E R  AND PRESSURE VESSEL CODE - 
SECTION V I I I ,  D I V I S I O N  1 .  

BOLTED 
FLANGE 1 

S.S .  SHEET BRAZEB 
TO S . S .  P I P E  1 

TUBE-TURNS 6" 
T R A N S I T I O N  J O I N T  1 

I N S U L A T I O N  
PANELS '-4 

2 

I 

I 

/ 

. 
/ 

/ 
I 

r, > 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
c p 
I '! 
1 
\ 

+ 
CG 

/ 

> 
\ 
\ 

1 4 
' I  

I 

I 
I 
I 

i 
I 
I 
I 
I 
I 
I 

/ I  
C ' P  

/I 
/ I  

/S.S. PIPE 

67 

- FOAM' F I LLED 

ALUM I NUM TRNK - 5083 

GLASS F I B E R  
L1-1/211 PANEL THICKNESS J SK I RT 

3011 

L( L-174.4 

104 . 



PC d L.174-4 
105 





5 0  

4.0 
35 

so 

2 9  

28 
IO 
I 6  
14 

I2 

I O  
9 0  
8.0 
7.0 

6 0  

90 

4 0  
3.5 

SO 

2 5  

2 0  
18 
16 
14 

12 

10 
OR) 
aw 
0 70 

QYD 

0 5 0  

am 
0 35 

0 %  

0 2 5  

0 2 0  
018 
016 

014 

0 1 2  

010 
0 09 
008 

a0 r 
0 06 

0 0 4  

00,000 

se.000 
90,000 

25.000 

20.000 
18.000 
'4- 
t4.000 

12.000 

10.000 
9.000 
8,000 

?PO0 

6.000 

5.000 

4,000 

1.500 

3.000 

2.900 

2,000 
1,600 
IC00 

1,400 

1.2m 

I.000 
900 
800 

700 

600 

500 

400 

190 
so0 

1 5 0  

200 
IO0 
I BO 
I BO 
120 

IO0 
BO 
BO 
T O  

a 0  

so 

FIG. UNF-28.23 CHART FOR DETERMINING SHELL THICKNESS OF CYLINDRICAL AND SPHERICAL 
VESSELS UNDER EXTERNAL PRESSURE WHEN CONSTRUCTED OF ALUMINUM ALLOY 

not less t h a n  18,000 p s i )  
5083 (0 or H-113 Temper) (For  m a t e r i a l  having a Y i e l d  St rength  

LPL 

105 



u s  c SHE 

= 1 . 1  L - =  
D* 30 

= 12 

L-174.S 

108 



- 
PO I -179.4 

109 



O F  

FC d L-174-4 

110 



W $ U L  

om 



R T  s 

IRI .I744 

112 





-- 



40 

810 

e0 
I @  
I$ 
14 

8 

IO 
B.0 
a0 
1.0 

80 

(81) 

4.0 
as 
SO 

LS 

to 
1.8 
1.6 
1.4 

1.9 

1.0 
om 
am 
aro 
am 
as0 

am 
ass 

aes 

aw 
ai e 

ai 4 

ai P 

0.30 

0.16 

0.1 0 
0.09 
0.08 
0.07 

806 

I 

00,000 

nrs*oee 
80.000 
I(s.0ee 

I 

1 7poo 
1 @PO0 

BOO 

500 

400 
9 aa 
900 

2 so 

I eo 
I40 
190 

I O 0  
SO 
80 
T O  

IO 

so 
D 

. 
FIG. UHA-28.1 CHART FOR DETERMINING SHELL THICKNESS OF CYLINDRICAL AND SPHERICAL 

VESSELS UNDER EXTERNAL PRESSURE WHEN CONSTRUCTED OF AUSTENITIC STEEL 
(18 Cr-8 Mi, Typo 304) 

OB -194.4 115 



* 
r e  

I QDP L-174.4 

, 

116 







PO I -1741.4 

119 



6 

I em ,944 

120 



'001 -178.8 121 



Fig. B-2-Stress concentration factors for D >> d 
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Table 3-Computatioa Sheat for Local Stresses in Spherical Shells (Wollow Attachment) 

I 

1. &piled Loods' 3. Geometric .- Paromsterr I 1 //- 
P To 1 - Radial Lood, 

Sheor Lood. 
Overturntng Moment, 

Sheor Lood, V I  - t 

Overturning Moment, M2 __ 0 
Torsion01 Moment, M, A " ,Rmf 

2. Geometry 4. Stress Concentro!ion Factors 

I Vessel Thickness, T 
Vessel Mean Rodour, Rrn Nozzle Thickness, t _16 

Noxzlo Outsids Rodiur, ro 

I! 
Rm Node Mson Rodrus, rm 

accordance with sign convention 

'375 due to: 
membrane load, K~ 1.5 
bending load, Kb  a 

NOTE: Enter al l  mree v d u c s  in 
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1. Applied Loads" 

Radial Load, P2LS.Q- 
Shear Load, V1- 
Shear Laad, "2 

Overturning Moment. M, 
Overturning Moment, MZ - 
Torsional Moment, MT & 

2 Geometry 

Vessel Thicknerr. T - m c  
Y e r i e l  M w n  Radius, Rm 
Nozzle Thickness. 9 . 
Nozzle Mean Radius, r, 
Noxila Outside Radius, re 

3. Geometric Porameters 

r 
t 

1' I S 6  
u '" r.29 \m 

4. Stress Concmtration Factors 

due to: 

membrane load, K~ 1.5' 
bending lood, Kb 

NOTE: Enter a l l  mrce valves in  
occordoncs with sign convention 

... 
2 

I HOLLOW ATTACH 

Rm 





e 
1 ,  
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I A =  II 

A, 

a A 

= - 7  
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a- QUE 
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e, = 0.00 
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.. 

1. Applied Lamdn' 

Radial Lood. P 
Shwr Lood, V-  
Shwr Laod, V I  
Orer~uming Moment, MI 

I \ SPHERICAL S H E L L  "_.."...~ r 
*NOT€. Enter m11 i o r r ,  Vnlll-. 

trolion Foctorr 
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Fig. SP-2-Stresses in spherical sbgll due to radial load P on a nozzle connection 

Stresses in Shells '139 



-001 



141 



0 0 5  , o  15 2 0  2 2  

Fig. SP-€-Stresses in spherical shell due to radial load P on a nozzle conflcction 
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Fig. SM-2-Stresses in spherical shell due to overturning moment M on nozzla connection 
.li 
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Fig SM 3-Stresses in spherlcal shell due to overturning moment M on nozzle connection 



3 3  Fig. SPvl 5-Stresses in spherical shell due to overturning moment M on noz.4e connection 
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Fig. SM-6-Stresses in spherical shell due to overturning moment M on nozzle connection .. 
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Fig SR 2-Stresses in spherical shell due to a radlal load P on a nozzle connertion (rigld plug) 
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Fig. SR-3-Stresses in spherical shell due to overturning moment M on nozzle connection (rigid plug) .. 
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TANK ACCEPTANCE TEST PLAN 

I .  OBJECTIVE 

I n  o rde r  t o  v e r i f y  the  v a l i d i t y  of the s t r u c t u r a l  a n a l y s i s  of the 
Test Tank, Linde plans t o  perform the following t e s t s  a s  provided f o r  i n  the 
Task I1 Work Statement. 

A. 

B. 

C.  

D. 

E.  

Helium leak tes t  

Proof Pressure (hydro) t e s t  

S t a t i c  dead load test  

1. Axial 
a m  Flange down (compression) 
b .  Flange up ( tension)  

2.  Cant i lever  

Vibra t ion  T e s t  

F ina l  Helium Leak Test 

The various t e s t s  and acceptance requirements a r e  described below. Tests 
a r e  t o  be Derformed i n  the order  l i s t e d .  

t e s t s .  
p o r t s .  
t i o n  i s  dependent upon achieving a s a t i s f a c t o r y  helium l eak  r a t e  before  and 
completion of the acceptance test  program, unless  obvious s t r u c t u r a l  f a i l u r e  occurs.  
S t r e s s  coat  (Magna Flux Corporation) and accelerometers w i l l  be located on the tes t  
tank, pe r  sketch Figures 45, 46, 47 and 48, 

11. DE S C R I  PTION 

The f i l l  and vent l i n e s  on the  flange 
I assembly (Linde P. N.  SK-106415) w i l l  be temporarily sealed (by welding) f o r  a l l  

Evacuation, proof t e s t i n g ,  e t c .  w i l l  be v i a  the two 1/2" N F T  Rel ief  valve 
The r e l i e f  valves w i l l  not be i n s t a l l e d  during any t e s t .  Tank qualbf ica-  

A. Helium Leak T e s t  

The model tank (Linde P. N. SK-106298) and flange assembly (Linde 
P.  N. SK-106415) w i l l  be mated and leak checked as  an assembly. The tank w i l l  be 
evacuated w i t h  the cryogenic f i l l  and vent l i n e s  temporarily sealed.  
f i n a l  assembly, the d i s s i m i l a r  metal joint /head t r a n s i t i o n  piece weld w i l l  be 
helium leak checked.) An acceptable  t o t a l  l eak  r a t e  i s  1 x 10-7 s t d  c c  a i r  per sec 
or  b e t t e r .  

(Pr ior  t o  

I 

The model-tank (Linde P N. SK-106298) and flange assembly (Linde 
P ,  N. SK-106415) w i l l  be evaluated u s i i g  c l ean  water and s u i t a b l e  p re s su r i z ing  
equipment t o  achieve a tes t  pressure of 115 ps ig ,  
pressure requirement .) 

(1--1/2 times the 75 psid i n t e r n a l  
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C. S t a t i c  Dead Load Tests 

1. 

(a )  The model tank w i l l  be t e s t e d  i n  a flange tank a x i s  
v e r t i c a l  posi t ion,  thereby loading the support  pipe i n  cornmession. 
w i l l  be increased 50% over the a n t i c i p a t e d  8.5 g loading (2.5 g acce le ra t ion ,  & 6 g 
v ib ra t ion )  during dynamic t e s t i n g .  

The tank weight 

(b) The model tank w i l l  be t e s t e d  i n  a tank a x i s  
The tank weight v e r t i c a l  pos i t i on ,  thereby loading the support pipe i n  tension.  

w i l l  be increased 50% over the a n t i c i p a t e d  3.5 g loading (+ 2.5 g a c c e l e r a t i o n  plus 
the - 6.0 g v ib ra t ion ,  o r  3 . 5  g tension during dynamic t e s t i n g ) .  

2. Cant i lever  (Horizontal)  S t a t i c  Test  

The model tank including v i b r a t i o n  adapter ,  w i l l  be t e s t e d  i n  
a tank-axis-horizontal  posi t ion,  thereby submitt ing the support  pipe t o  a bending 
load. Tank weight i s  t o  be increased by 50% over t h a t  expected during t e s t i n g  of 
model tank 112 f u l l  of l i q u i d  n i t rogen  a t  a 1 g loading. 

D.  Vibra t ion  T e s t  

The model tank, f lange assembly, and v i b r a t i o n  adapter  w i l l  be 
v i b r a t i o n  t e s t e d  i n  a tank a x i s  ho r i zon ta l  p o s i t i o n  using a ho r i zon ta l  s l i d e  t a b l e  
wi th  end input .  The tank w i l l  be can t i l eve red  off of the f l ange  end. Test  range 
w i l l  be from 20 t o  150 cps, t o  a maximum 10.0 g s inuso ida l  v i b r a t i o n  l e v e l  i n  the 
t e s t  a x i s .  Maximum a c c e l e r a t i o n  i n  any o the r  a x i s  not t o  exceed 5.0 g.  

E.  F i n a l  Helium Leak T e s t  

A second helium l eak  t e s t  w i l l  be performed a f t e r  a l l  o the r  proof 
t e s t s ,  s t a t i c  and dynamic, a r e  completed. An acceptable  t o t a l  leak r a t e  w i l l  be 
1 x 10-7 s t d  cc a i r  per sec .  

111. TEST SET-UP 

A .  Helium Leak Test 

The model tank (Linde P. N. SK-106298) mated t o  f lange assembly 
(Linde P. N .  SK-106415) w i l l  be leak checked a s  an assembly. The assembled u n i t  
can be suspended from the model tank t r a n s p o r t e r  (Linde P. N .  SK-106293) during 
t e s t .  The u n i t  w i l l  be connected t o  a leak de tec to r ,  and a helium leak r a t e  will 
be determined a f t e r  the system has been evacuated t o  100 microns of mercury absol-  
u t e  o r  l e s s .  A bag t e s t  whereby the  e n t i r e  evacuated u n i t  i s  surrounded by helium 
gas (contained i n  a p l a s t i c  bag) w i l l  be employed. 

The model rank (Linde P. M. SK-106298) and f lange assembly (Linde 
P. N, SK-106415) w i l l  be hydrotested a s  an assembly, The u n i t  will he 
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up-ended i n  the model tank t r a n s p o r t e r  (Linde P. N. SK-106293) d u r i  
Fluid t a p s  w i l l  be v i a  the  r e l i e f  valve po r t s  (1/2" NPT). 

e t e s t .  

1. 

(a) The model tank, f lange assembly and v i b r a t i o n  a 
i n  the model tank t r a n s p o r t e r  (Linde P. N. SK-106293), in- 

verted t o  a posi t ion,  and lowered t o  the  f l o o r .  Su i t ab le  s tands of ape 
be placed under the t r a n s p o r t e r  head frame work for sup- 

The tes t  weight on the support  tube i s  t o  be increased t o  
1.5 times the empty tank weight when subjected t o  a 8.5 g loading. 
ing i s  a r r i v e d  a t  by considering the 6.0 g v i b r a t i o n  l e v e l  plus  a 2.5 g acce le ra -  
t i o n  l e v e l  p e r  con t r ac t  s p e c i f i c a t i o n s .  
No. 5, Appendix I, page 9 of 46, the  app l i cab le  tank weight c o n s i s t s  of items E,  
F and G f o r  a t o t a l  of 136 pounds. 

( e 8.5 g load- 

From "Summary of Weights" Progress Report 

Therefore, t h e  t o t a l  required support tube loading is  
136 l b s .  x 1.5 x (2.5 + 6.0 g)  = 1730 l b s .  

A summation of the tank weight (136 l b s . )  and the weight 
of the contained water - 1173 lbs .  (140 gal lons)  y i e l d s  an a v a i l a b l e  t o t a l  weight 
of 

136 -t- 1173 * 1309 l b s .  

Thus, sub t r ac t ing  the a v a i l a b l e  weight (1309 l b s . )  from 
the required loading (1730 l b s . )  y i e l d s  a required add on weight of 

1730 l b s .  minus 1309 lbs .  = 421 l b s .  

(b)" The model tank and f lange assembly w i l l  be mounted i n  the 
model tank t r a n s p o r t e r  i n  a fl.anne pos i t i on .  The t e s t  weight on the support  tube 
i s  t o  be increased t o  1.5 times the empty tank weight when subjected t o  the a n t i c i -  
pated 3.5 g loading. (The app l i cab le  tank u n i t  i s  136 lbs . ,  see  s e c t i o n  111, C, 
1, a . )  Therefore, the  t o t a l  required support tube loading i s  

136 l b s .  x 1.5 x (2.5 g - 6g) = 715 l b s ,  tension 

required loading 
Thus, sub t r ac t ing  the empty tank weight from the  total 

715 - 136 = 579 l b s .  water 
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i t  i s  determined t h a t  579 lb s .  of water must be added t o  the  tank. 
w i l l  be necessary t o  add 70 ga l lons  (585 l b s . )  of water t o  the tank. 

Therefore, i t  

2-e 

The model tank, and v i b r a t i o n  adapter,  w i l l  be t e s t e d  i n  a 
tank-axis-horizontal  pos i t i on .  

The test  load on the support tube i s  t o  be increased t o  1.5 
times tank weight, when 1 / 2  f u l l  of l i q u i d  n i t rogen .  
d i r e c t i o n  normal t o  tank a x i s  i s  1 g due t o  g r a v i t y . )  

(Expected dynamic loading i n  

Therefore, the  t o t a l  required support  tube loading i s  136 lbs .  
( tank) plus 70 ga l lons  of l i q u i d  ni t rogen (140 ga l lons  t o t a l  capaci ty)  t i m e s  1 . 5  
which i s  1.5 (136 + 70 ( 6 . 7  l b s . / ga l lon ) )  = 908 lbs .  

Thus, sub t r ac t ing  the empty tank weight from the t o t a l  required 
loa ding, 

908 - 136 = 772 l b s ,  

i t  i s  determined t h a t  772 l b s .  of water must be added t o  the tank. Therefore, i t  
w i l l  be necessary t o  add 93 ga l lons  (775 pounds) of water t o  the tank. 

D. Vibra t ion  T e s t  

The model tank, f lange assembly, and v i b r a t i o n  adapter  w i l l  be vib- 
r a t i o n  t e s t e d  i n  a tank-axis-horizontal  p o s i t i o n  only. The u n i t  w i l l  be a t tached 
t c  a ho r i zon ta l  s l i d e  tab le ,  which w i l l  be d r iven  by the v i b r a t i o n  machine. 
model t e s t  tank u n i t  w i l l  be can t i l eve red  from the flange end, thus producing the 
same v i b r a t i o n  loading a s  t h a t  expected during t e s t i n g  on the  Launch Phase Simulator 
a t  EASA Goddard. The t e s t  range input w i l l  be extended t o  10.0gsinusoidal i n  the 
t e s t  ax is ,  thus exceeding the expected v i b r a t i o n  iciading of 6.5 g plus 2 g acce le ra -  
t i o n .  (Acceleration i n  any o the r  a x i s  not t o  exceed 5.0 g o )  The frequency range 
w i l l  be varied between 20 and 150 cps. 
a l l  package dimensions a r e  ,. 34 i n .  diameter by - 85 i n .  long.) 

The 

(Total  assembly weight is  - 300 l b s . ,  over- 

Two t r i - a x i a l  accelerometers w i l l  be used. One of the accelera-  
meters w i l l  be mounted on the model tank f lange ,  and the second accelerometer w i l l  
be mounted a t  the cen te r  of g r a v i t y .  The accelerometer mounted on the model tank 
f lange s h a l l  be used t o  monitor and con t ro l  the  v ib ra t ion  input .  Crosstalk between 
the three  axes of the u n i t  w i l l  be observed on the accelerometer placed a t  the tank 
cen te r  of g r a v i t y .  

E .  F i n a l  Helium Leak Check 

The second and f i n a l  helium l eak  r a t e  w i l l  be determined a f t e r  a l l  
o the r  proof t e s t s  a r e  completed. For desc r ip t ion ,  see d e t a i l s  as described in 
Sect ion T T i A .  
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I V .  TEST PROCEDUKE 

(1) Place the model test  tank (Linde P. N e  SK-106298), including 
f lange assembly SK-106415) i n  the model tank t r a n s p o r t e r  (Linde P. N. SK-106293). 
( I n s t a l l  a new gasket,  0.125" t h i c k  1100 s e r i e s  aluminum, between the model tank 
and f lange assembly and torque b o l t s  t o  a minimum o f  100 f t .  l b s , )  Connect a 
Veeco MS-9 helium l eak  d e t e c t o r  t o  the  tank via  one of the r e l i e f  valve p o r t s  
(1/2" N.P.T.), and plug the second p o r t  (a l so  1/2" N.P.T.) wi th  a pipe plug. 

(2) Evacuate the  t e s t  enclosure below 100 microns pressure.  

(3) The leak de tec to r  s c a l e  i s  zeroed. 

(4) 
i n t o  the system, causing the leak d e t e c t o r  s c a l e  t o  i n d i c a t e  the number of u n i t s  
proport ional  t o  the standard leak.  

The standard leak u n i t  mounted on the Veeco u n i t  i s  opened 

(5) Record t h i s  value of s c a l e  reading f o r  c a l c u l a t i o n  of leak 
r a t e  

( 6 )  Valve off the standard leak u n i t  from the system and note  t h a t  
the de t ec to r  s c a l e  returned t o  zero.  

(7 )  Enclose the a rea  t o  be leak t e s t e d  i n  a p l a s t i c  envelope con- 
t a i n i n g  helium a t  atmospheric pressure.  

(8) Record the s t eady- s t a t e  value of the s c a l e  reading f o r  calcu- 
l a t i o n  of leak r a t e .  

(9) Calculate  leak r a t e .  

std-cm3 a i r  - steady s t a t e  d e t e c t o r  sca le  readinv ( u n i t )  
I 

standard l eak  de tec to r  s c a l e  reading ( u n i t )  Leak Rate sec 

3 
Value of standard leak (' td-cm air) 

SamDle of Calculat ions:  

Given: 

Steady s t a t e  d e t e c t o r  s c a l e  reading -= 20 ( u n i t )  
Standard leak de tec to r  sca le  reading = 6 ( u n i t )  
Value of standard leak 
Leak rate = 20 x 2.8 x low8 

.= 2.8  x lom8 std.cc  a i r / s e c .  
s t d - cm3 a i r  = 9.3 x 10-8 6 sec 
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(1) I n s t a l l  the model test  tank P N o  SK-106298, including f lange 
assembly SK-106415 and v i b r a t i o n  adapter  assembly's#-106294 i n  the  mode1 tank t r ans -  
p o r t e r  SK-106293. See Figure 45, 

(2) I n s t a l l  a vent l i n e  through one of the two 1/2" NPT p o r t s  i n  
the flange assembly. 
an open passage when the vent l i n e  i s  bottomed a g a i n s t  the tank. I n s t a l l  a f i l l  
and d r a i n  through the  second 1/2" NPT po r t  on the  f lange assembly. 
vent and the f i l l / d r a i n  l i n e s  through one of the 5" diameter access holes  on the 
v i b r a t i o n  adapter .  

Cut the i n s e r t e d  end of the  vent l i n e  a t  an angle t o  a s su re  

Extend both the 

(3) I n v e r t  the t r anspor t e r / t ank  assembly, i n t o  a f lange dawn posi-  
t ion ,  tank a x i s  v e r t i c a l ,  and lower to the f l o o r .  
_throueh the v i b r a t i o n  adavter .  
of the t r a n s p o r t e r  t o  achieve s t a b i l i t y .  Tank must be l e v e l .  

Place s tands of appropriate  height  a t  the corners  

(4) Apply s t r e s s  c o s t  per sketch, Figure 45. 

(5) F i l l  the  tank wi th  clean t a p  water, noting quan t i ty  by use of 
a t o t a l i z i n g  water meter. 
valve.  

F i l l  tank u n t i l  water i s  observed flowing from t h e  vent 

( 6 )  Close the vent valve.  

(7) Attach p res su r i z ing  equipment and slowly r a i s e  pressure t o  
115 psig (minimum vressurizinP time - 2 minutes).  
u tes ,  observe and record stress coat  a n a l y s i s .  

Maintain pressure f o r  15 min- 

( 8 )  Release pressure and d r a i n  tank. 

C.  S t a t i c  Dead Load Tests 

1. Axial ( v e r t i c a l )  S t a t i c  T e s t  

(a) Tank Assembly - f l ange  down 

1. Tank assembly remains i n  the inverted p o s i t i o n  a f t e r  
completion of the proof pressure t e s t .  That is, the tank assembly i s  mounted i n  
the t r anspor t e r ,  inverted and s e t t i n g  on the f l o o r ,  wi th  primary tank support  being 
achieved v ia  the v i b r a t i m  adapter .  Tank plumbing i s  a l s o  the same a s  t h a t  used i n  
the proof pressure t e s t s .  

2, 

3 .  

Apply stress coa t  per sketch (Figure 451, 

Construct a temporary wood p la t form wi th in  the head/ 
s k i r t  s t r u c t u r e ,  f i l l  tank wi th  water, and add necessary weights.  The weight of the 
platform and add on weights i s  t o  t o t a l  a minimum of 421 pounds. 

4 .  Observe and record s t r e s s  coat a n a l y s i s .  

5 .  Remove e x t r a  weight and platform, and d r a i n  the water 
from the tank. 
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(b) Tank Assembly - 
1. The model tes t  tank and flange assembly i s  mounted 

Tank plumbing i s  the  same a s  t h a t  used i n  the 
i n  the tank t r a n s p o r t e r  
f lange bo l t ed  t o  the t r a n s p o r t e r .  
proof pressure test, except t h a t  the f i l l  and vent funct ions a r e  reversed,  

Tank support i s  achieved e n t i r e l y  v ia  the  

2 .  Apply s t r e s s  coat  per sketch Figure 46, 

3 .  Add 70 ga l lons  of water t o  the t e s t  tank as measured 
by a t o t a l i z i n g  water meter. 

4 .  Observe and record s t r e s s  coat ana:lysis.  

5. Drain the water from the  tank by p res su r i z ing  the 
vent l i n e ,  and withdrawing via  the f i l l  l i n e .  Do no t  exceed 10 D s i e  tank p res su r i -  
za t ion .  

2. Cant i lever  (ax is  ho r i zon ta l )  S t a t i c  Test  

(a )  Pos i t i on  model Tank/flange assembly /v ib ra t ion  adapter  t o  
a ho r i zon ta l  p o s i t i o n  and a t t a c h  f lange t o  support .  
7/8" diameter on 18" b o l t  c i r c l e .  

(The f langecontains  10 holes  - 

(b) Reposit ion the  temporary vent l i n e  i n s e r t e d  through the  
1 /2"  NPT p o r t  t o  con tac t  the top of the  c y l i n d r i c a l  po r t ion  of the  tank. 
allow f i l l i n g  the tank i n  the h o r i z o n t a l  (test) p o s i t i o n .  
the remaining 1/2" NPT p o r t  t h a t  con tac t s  the bottom of the c y l i n d r i c a l  po r t ion  
of the tank i n  test pos i t i on .  
a t  the completion of t h e  t e s t . )  

This w i l l  
Add a f i l l  l i n e  through 

(This l i n e  w i l l  be used t o  pressure d r a i n  the tank 

(c) Apply stress coa t  per sketch (Figure 47). 

(d) Add 93 ga l lons  of water (775 pounds) t o  the  t e s t  tank a s  
measured by a t o t a l i z i n g  water meter. 

(e )  Observe and record stress coa t  a n a l y s i s .  

( f )  Drain the tank by p res su r i z ing  the  vent l i n e ,  and with- 
drawing v i a  the f i l l  l i n e .  Do NOT EXCEED 10 PSIG TANK PRESSURIZATION. 

(g) After  the tank has been emptied, remove the  temporary 
, i n s t a l l  the  tank and v i b r a t i o n  adapter  i n  the t r anspor t e r ,  

and i n v e r t  the t a n k l t r a n s p o r t e r  t o  a f lange down pos i t i on .  

(h) I n s e r t  a 1/4" diameter l i n e  from an a i r  h e a t e r  through 
one of t h e  por t s ,  and purge overnight w i th  250°F a i r .  

D. Vibra t ion  Test 

(1) Place assembly of vEbration adap te r  SK-106294, f lange assembly 
SK-106415 and model tes t  tank SK-106298 Onto v i b r a t i o n  machine as shown i n  Figure 48,  
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(2) 

(3) 
(Input  c o n t r o l  v i a  f lange acce le ro  

Test ing w i l l  be a t  ambient pressure and temperature, 

Locate two t r i a  i a l  accelerometers as i nd ica t ed  on Figure 48. 

(4) Perform the  required v i b r a t i o n  tes t  as pe r  the f o l l  
tes t  t i m e  30 minutes) - record accelerometer da ta .  

( a )  20 -. 150 4 20 Hz cycled loga r i thmica l ly  from minimum eo 
maximum i n  7-1/2 minutes a 1  g l e v e l .  Note resonance po in t s  b u t  do not  dwell. 

1. (Maximum 11.0 8 . )  (NOTE: 

(1) Repeat helium l eak  test  as per Procedure of SectionIV, i t e m  
A.  

V. TEST EQUIPMENT 

A ,  Helium Leak T e s t  

1. Helium Leak Detector required s e n s i t i v i t y  of 1 x s t an -  
dard cc p e r  second a i r .  

2. H e l i u d a i r  standard leak.  

1. 

2 ,  

3 .  

4 .  

Hydro T e s t  equipment s i m i l a r  t o  

Hydro Tes t e r  Model 9118 A 
Watson S t i l lman  Pressure Division 
Roselle,  New Je r sey  

Cal ibrated t e s t  gage - range 0 4 150 psig.  

Stress coa t  - Magnaflux Corporation, K i t  102A, Chicago, I l l i n o i s ,  

To ta l i z ing  water meter s i m i l a r  t o  

Buffalo Meter Co., C s i z e ,  100,000 ga l lon ,  0 - 10 g a l l o n  s c a l e  - 
1 g a l l o n  increment. 

1, S t r e s s  coat .  
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2. Totalizing water meter (same as above). 

1. Vibration Testing Equipment capable of performing a vibration 
test as specified in Section I I I D .  Similar to M. B. Electronics, Model C210. 

c 

2. Accelerometers and readout equipment similar to Tria 
erometers composed of three MB Electronics Model 302 and related readouts. 

E. Final Helium Leak Test 

Repeat Test - same instrumentation as used and described in Sec- 
tion V-A. 
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MODEL TEST 

S K - 1 0 6 2 9 8  
TANK \ 

\ TEMPORARY WOOD 

i 

STRESS COAT 
12" x 12" 
TYP. 2 PLACES 

C. G .  
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FILL 4 VENT L I N E S  
/ TEMPORARILY SEALED 

/(NOT USED FOR ACCEPTANCE 
' TESTS)  S K - 1 0 6 4 1 5  

F I L L  AND D 

PROTECTOR (FLAT 

VIBRATION ADAPTER 
SK-106294 

FLOOR 

FIGURE 45 TEST SET UP - PROOF PRESSURE/ AXIAL LOAD 
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APPENDIX 7 

C H U R C H  S T R E E T e B O H E M I A ,  LONG I S L A N D ,  N E W  Y O R K  11716 

A R E A  CODE 516 569-6300 22 Apri l  1970 
DTB03K70-0587 
J / N  8565 

Union Carbide Corporation 
Linde Division 
P.O. Box 44 
Tonawanda, New York 14150 

Attention: M r .  J. Neville 

Subject: Dynamic Testing of One (1) Tank, S/N 629 

References: (a) Union Carbide Corp. Purchase Order 
Number 825L43514 

(b) Dayton T. Brown, Inc. Job Number 8565 
(c) Union Carbide Corp. T e s t  Plan, 

dated February 1970 

Enclosures: (1) Test  Equipment L i s t  
(2) Vibration T e s t  Graphs 
(3) Typical Setup Photograph 

Gentlemen: 

This r epor t  presents  the  r e s u l t s  of a Vibration T e s t  performed on t h e  above 
sub jec t  as requested i n  reference (a). 

The test i t e m  a r r ived  at Dayton T. Brown, Inc.  on 1 4  Apri l  1970. Testing was 
s t a r t e d  on 15 Apri l  1970 and was completed on 15 Apr i l  1970. The teat i t e m  
w a s  re turned t o  Union Carbide Corp. on 15 April  1970, 

Present during the  test program was Mr, George Nies o f  Union Carbide Corp. 

GENERAL 

VISUAL RECEIVING 'INSPECTION 

A v i sua l  examination w a s  performed upon receipt o f  the test item a t  Dayton T, 
Brown, Inc. Testing Laboratory, The test i t e m  was v i sua l ly  examined fo r  any 
evidence o f  damage due t o  shipping or mishandling. I n  addi t ion,  any apparent 
abnormality obse ved i n  the condition of he test itern w a s  noted, 
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RECEIVING INSPECTION (Continued) 

following anomalies he receiving inspection: 

arks  on ex terna l  surfaces 
ere a l s o  noted on uni t  ex 

2) Viewing the om the neck with the h in  w a l l  s t a i n l e s s  steel 
eve ra l  gouges were noted 
ts on the circumference of t e l y  i n  l i n e  w i  

TEST INSTRUMENTATION 

VIBRATION TEST ~NST~~NTATION 

One (1) t r i - ax ia l  response accelerometer ( re fer red  t o  as TP1) w a s  mounted on t h e  
test f i x t u r e  adjacent to a un i t  mounting point  and was u t i l i z e d  t o  monitor the i 
put vibrat ion.  A tri-axial accelerometer ( re fer red  to as TP2) was mounted on 
the top of the test tank (reference photo 1 of enclosure 3). The output s igna ls  
of the cont ro l  and response accelerometers were recorded on magnetic tape and 
subsequently played back as X-Y p l o t s  of frequency versus accelerat ion.  Data 
playback was performed u t i l i z i n g  a 20 cycle f i l t e r  from 20 t o  150 cps. 

TEST PHOTOGRAPH 

A t yp ica l  test setup photograph showing the test i t e m  during teseing is presented 
i n  enclosure 3. 

TEST TOLERANCE 

SINUSOIDAL VIBRATION TOLERANCE 

Frequency - 2% 
Amplitude - 10% 

1) REQUIREMENTS 

ing  t e s t i n g  as equested i n  reference 

~ I B R A T I O ~  TEST 

The test un i t ,  
v i b r a t ~ o ~  in the  f 

Teat ~ ~ e ~ u e n c y  

20 cps to 150 cps 
20 cps to 150 cps 
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I O N  TEST (Continued) 

One sweep was per for  from 20 cps t o  150 cps t o  20 cps i n  f i f t e  
a t  each of the  above o spec i f ied  inputs .  

me vibra t ion  input  w a s  l imited by sensing the c QSstalk response values a t  
the t r i - a x i a l  response (on the u n i t  only) and l imi t ing  the input  u t i l i z i n g  
an Automatic Trglasfer Control when c ross t a lk  response exceeded -0- l g  during 
the l .0g scan and 5 4.0g during the  1O.Og scan. 

VIBRATION TEST RESULTS 

A t  the  completion of the  1,Og scan, a v i sua l  inspect ion of the un i t  a t  t h i s  
revealed a crack i n  the  weld on the b 

& ~ ~ ~ o x i m ~ t e l y  3/8 of an inch i n  length.  
representat ive s t a t e d  t h a t  he w a s  aware of t h i s  crack p r i o r  t o  t e s t ing  and 
w a s  apparently overlooked during the i n i t f a l  receiving inspection, 

There were no fu r the r  anomalies noted during the  remainder of tes t ing .  

Reference enclosure 2, pages 1 thru  6 ,  f o r  test graphs recorded during the  
l.Og scan and pages 7 chru 12 for graphs recorded during the 1O.Og scan. 

I f  you requi re  any addi t iona l  information, please do no t  h e s i t a t e  t o  contact 
the  undersigned. 

Very t r u l y  yours, 

DAYTON T. BROW, I N C ,  

* BOMPOETIO, 
TECHNICAL ADMTMISTRdTO 

This repor t  co 
3 Pages 
Enclosures : (1) T e s t  Equipment L i s t  - 

2 Pages 

I2  Pages 

Photograph - 1 Photo 

(2) Vibration T e s t  Graphs - 
(3). Typical T e s t  Setup 

i 
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T e s t  E q u i p m e n t  L i s t  
2 Pages 
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ENCLOSURE 3 

One (1) Photograph 

DTBO 3R70-0587 
2 03 



2 04 



APPENDIX 8 

TEST PLAN 

YOR 1327 

TITLE: S e l f  Evacuat ing M u l t i l a y e r  I n s u l a t i o n  Environmental T e s t i n g  

TEST PROGRAM NUMBER: 

PLUM BROOK TEST SITE: "K" 

SPONSORING DIVISION: Chemical Rocket D i v i s  

CLEVELAND PROJECT ENGl NEER: J. R. Faddoul 

PLUM BROOK PROJECT ENGINEER: J,  E .  C a i r e l  

on 

I 

E 

APPROVED : 

1 .  A.  Johnsen 
Chie f  dl Chemical Rocket D i v i s i o n  

G .  Hennings 
ms D i v i s i o n  
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A. I n t r o d u c t i o n  - A s e l f  evacuating m u l t i l a y e r  i n s u l a t i o n  (SEMI )  
system i s  being invest igated f o r  use on cryogenic spacecraf t  
p rope l l an t  tanks. Previous e f f o r t s  have demonstrated. the thermal 
e f fec t i veness  of the system on cy1 i n d r i c a l  tankage, The 
current  e f f o r t  w i l l  determine the system performance when appl ied 
t o  p r a c t i c a l  cryogenic tankage (simulated Centaur tank) and 
subjected t o  a t y p i c a l  1 aunch env i  ronment e The 1 aunch environment 
w i l l  be provided by the Goddard Space F1 igh t  Center Launch Phase 
Simulator. The appropr ia te thermal performance tes ts ,  which are 
the subject  o f  t h i s  document, w i l l  be performed a t  Lewis Research 
Center, Plum Brook - "K-site". 

B e  Object ive - The thermal eva lua t i on  o f  the Sel f  Evacuating M u l t i l a y e r  
I n s u l a t i o n  (SEMI) system a t  Plum Brook consis ts  o f  three tests .  
The o b j e c t i v e  o f  the f i r s t  t e s t  i s  t o  determine the thermal performance 
o f  the SEMI system i n  the as received condi t ion.  The ob jec t i ve  o f  the 
second t e s t  i s  t o  determine any system degradation caused by long term 
exposure t o  a normal atmospheric environment and t o  provide base1 ine 
system performance data p r i o r  t o  subject ing the SEMI system t o  a 
simulated launch load p r o f i l e .  The o b j e c t i v e  o f  the t h i r d  thermal 
t e s t  i s  t o  determine the system thermal performance degradation due 
t o  the launch environment. 

C. Desc r ip t i on  o f  Research Package - The research package i s  i l l u s t r a t e d  
by Figure49. Three bas ic  items comprise the package. I tem 1 
i s  the insu lated t e s t  tank. I tem 2 i s  the isothermal shroud ( c u r r e n t l y  
being used w i t h  LH2 coolant under R3119).  And Item 3 i s  the co ld  
guard t o  prevent spurious heat leaks from en te r ing  the t e s t  tank. 
Because o f  the necess i ty  t o  cool the SEMI panels p r i o r  t o  evacuating 
the chamber, i t  w i l l  be necessary t o  prevent the vacuum chamber 
atmosphere f rom condensing on the co ld  guard. The He system, schematical ly 
i l l u s t r a t e d  i n  Figure 49, i s  accord ing ly  provided t o  purge the region 
surrounding the c o l d  guard. (The chamber cannot be purged w i t h  He gas 
since t h i s  would s e r i o u s l y  a f f e c t  the performance o f  t he  SEMI panels). 

I t  i s  expected t h a t  the b o i l o f f  from the t e s t  tank du r ing  t h i s  
' i n i t i a l  cooldown phase w i l l  be approximately 1000 BTU/hr (5#/hr o r  1000 
SCFH). During the t ime when the chamber i s  evactuated, the f i g u r e  
i s  expected t o  be a maximum of  200 SCFH. 

D. F a c i l i t y  t o  be Used - The thermal t e s t i n g  o f  the SEMI system w i l l  be 
performed i n  "K" site? Plum Brook, No other  f a c i l i t i e s  w i l l  be 
required, Due t o  the nature o f  the SEMI panels, the chamber 
pressure cannot be reduced unt i 1 a vacuum has been achieved i n  the 
panels. Thus, the panels must be co ld (condensing the C02 w i t h i n )  
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D.  (continued) 
bar pumpdwn i s  i n i t i a t e d .  I n  add i t i on ,  the 
nature o f  the panel ma te r ia l s  precludes having a 

provide an i n e r t  environment du r ing  cool ing.  o f  the 
e 

um environment i n  the K -s i te  chamber. Thus, n i t rogen  gas must 

To prevent condensation and f reez ing  o f  the n i t rogen  
gas, the t e s t  tank LHa f i l l  l i n e  must be insulated. I n  add i t i on ,  
the co ld  guard w i l l  be purged w i t h  GHe since i n s u l a t i n g  t h a t  area 
would be extremely d i f f i c u l t .  Also, t o  provide a c o n t r o l l e d  
environment f o r  the SEMI system du r ing  tes t ,  the 8 '  diameter shroud, 
f a b r i c a t e d  by ADL and c u r r e n t l y  being used w i t h  LH2 coolant under 
R3119, w i l l  be used w i t h  7OoF water. 

i 

The SEMI system t e s t i n g  i n  K - s i t e  thus d i c t a t e s  three minor 
mod i f i ca t i ons  t o  the f a c i l i t y .  A G N p  chamber purge must be 
provided, Q GHe purge and ex te rna l  vent capabi! i t y  must be 
provided t o  the enclosed reg ion e x t e r i o r  t o  the co ld  guard, and a 
constant temperature water source must be provided t o  the 
isothermal shroud, 

Data a c q u i s i t i o n  w i l l  requi re  no new equipment. The 30 KC SEL 
M u l t i p l e x e r  System w i l l  be more than adequate. A maximum o f  150 
chanels w i l l  b required. 

E. Test Setup - The t e s t  setup i s  shown i n  Figure50. Only L H 2  
The L N 2  w i l l  be used f o r  f ill ing the t e s t  and guard tanks. 

1 ines w i l l  not  be used but are shown because they are p r e s e n t l y .  
p a r t  o f  the f i l l  system, The pressures i n  the guard and t e s t  tank 
w i l l  be c o n t r o l l e d  independently by separate 'k losed- loop back 
pressure con t ro l  systems." 

B o i l o f f  from the tank w i l l  be determined by the use o f  a b o i l o f f  
meter, The expected f l ow  ra te  (200 SCFH) i s  we l l  w i t h i n  
the capabi l  i t y  o f  the meters c u r r e n t l y  being used under R3119. 

The shroud w i l l  be used t o  provide a constant temperature environment 
around the t e s t  tank. 
be suppl ied t o  the c o i l s  on the c y l i n d r i c a l  p o r t i o n  o f  the shroud and 

Water, a t  a temperature o f  70OF 2 10°F w i l l  

a t e r  w i l l  not  be c i r c u l a t e d  through the 

F. Instrunrentat ion - The p o s i t i o n  nd types o f  inst rumentat ion on the 
t e s t  tank i s  s h w n  i n  Pigure51, A l l  ins t rumentat ion types and 

r e  g iven i n  Table I ,  

G, Test Condi t ions - The t e s t  ser ies cons is t s  o f  three separate t e s t s  
r i d e n t i c a l  condi t ions,  Each t e s t  w i l l  

ob ta in ing  the steady s ta te  heat f l u x  t o  the 
n v i  ronmental chamber 
ng through the sides and 
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nera l  Test Procedure - The t e s t  procedure f o r  each t e s t  w i l l  be 
as 

1. 

2. 

3.  

4. 

5. 

6 ,  

7. 

8. 

9. 

IO, 

1 1 .  

12. 

13. 

14. 

15. 

16, 

Check and/or zero a l l  gas, 1 i qu id  and e l e c t r i c a l  connections 
and equ i w e n t  

S t a r t  GN2 environmental chamber purge. 

S t a r t  7OoF 2 10°F water f l o w  through shroud. 

S t a r t  GHe co ld  guard purge, 

Es tab l i sh  LHp f low i n t o  t e s t  tank. 

Monitor and record appropr iate thermocouples and panel 
vacuum gauges t o  determine SEMI panel i n t e r n a l  pressure. 

A f t e r  SEMI panels have achieved pressures less than 0.1 torr . ,  
i n i t i a t e  pumpdown o f  the environmental chamber and the reg ion 
w i t h i n  the co ld  guard purge bag. Note: Monitor thermocouple on 
f lange surface t o  asce r ta in  t h a t  temperature i s  above N2 
l i q u e f a c t i o n  point .  
d iscont inue LH2 f l a w  and a l l o w  the f lange t o  warm t o  -3100F 
p r i o r  t o  environmental chamber and co ld  guard purge space 
evacuat ion e 

F i  1 1  t e s t  tank w i t h  LH2. 

F i l l  guard tank w i t h  LH2. 

Top t e s t  tank and guard tank as required. 

Monitor b o i l o f f  u n t i l  steady s t a t e  i s  achieved. 

Retop t e s t  and guard tank and monitor b o i l o f f  f o r  4 t o  8 

hours t o  assure steady s t a t e  condi t ions have been at ta ined.  

Empty a l l  LH2 1 ines and tanks. 

P r i o r  t o  s i g n i f i c a n t  warm up o f  the SEMI panels, back fill 

the environmental chamber w i t h  GN2 and the co ld  guard purge 

space w i t h  GHe o r  GN2. 

Mainta in ing one atmosphere o f  G 2 i n  the environmental 
chamber a l l o w  t e s t  hardware t o  warm t o  ambient temperature. 

Stop 70°F 2 10°F water f l o w  and remove equipment. 

I f  t h i s  temperature i s  lower than -31OoF, 
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I .  S c h e d u l e  - A d e t a i l e d  s c h e d u l  is shown i n  F i g u r e  52. 

J. P r e t e s t  a n d  P o s t - t e s t  O p e r a t i o n s  - P r i o r  t o  t h e  f i r s t  test ,  

Union  C a r b i d e / L i n d e  D i v i s i o n .  The  s y s t e m  w i l l  be c o n t a i n e d  
i n  a t r a n s p o r t e r  ( F i g u r e  5 3 ) w h i c h  c a n  be  u s e d  for  a l l  h a n d l i n g  o p e r a t i o n s .  
To p r e p a r e  t h e  t a n k  f o r  i n s t a l l a t i o n  i n  K-site, t h e  f o l l o w i n g  
o p e r a t i o n s  must  be  r formed f o r  e a c h  test s e q u e n c e :  

i n s u l a t e d  t es t  t a n k  w i l l  be s h i p p e d  t o  Plum B r o o k . f r m  

1 .  

2. 

3. 

4. 

5.  

6. 

7. 

8. 

9. 

10. 

1 1 .  

P l a c e  p u r g e  bag l o o s e l y  a r o u n d  test t a n k  n e c k  t u b e  f l a n g e .  

C l e a n  c o l d  g u a r d  f l a n g e  e d g e s .  

S e t  c o l d  g u a r d  and g a s k e t  i n  p l a c e  on  t o p  of test  t a n k  
i n 

B o l t  c o l d  g u a r d  t o  t es t  t a n k .  

Apply  a d h e s i v e  (Narmco 7343/7139)  t o  c o l d  g u a r d  f l a n g e  
e d g e s  and  p u r g e  bag e d g e s .  

P u l l  p u r g e  bag  i n t o  p l a c e .  

F i x  wooden c l a m p  r i n g s  t o  b o t h  f l a n g e s t o  a p p l y  p r e s s u r e  
t o  bond 1 ine - a1 low to  c u r e  for  24 h o u r s .  

Leak c h e c k  p u r g e  bag. 

A p p l y  a maximum o f  6 t h e r m o c o u p l e s  t o  u p p e r  area o f  t es t  
t a n k  s u r f a c e  a n d  n e c k  t u b e  f l a n g e .  

t r a n s  p o r  te r e 

I n s u l a t e  t h e  LH2 test t a n k  f i 1 1  
e n v  i ronmen t a 1 chambe r e 

i n s t a l l  s h r o u d  and  c o n n e c t  p u r g e  

i n e  i n s i d e  t h e  K s i t e  

and e l e c t r i c a l  1 n e s .  

P o s t  test operat i o n s  would be  i d e n t i c a l  b u t  i n  r e v e r s e  o r d e r o  

o p e r a t i o n s  are r e q u i r e d .  After t h e  s e c o n d  t e s t ,  t h e  t w o  vacuum g a g e s  
i n s t a l l e d  i n  t h e  SEMI p a n e l s  must  be  removed and  r e p l a c e d  w i t h  
aluminum p l u g s  w h i c h  w i l l  be  p r o v i d e d  as  p a r t  o f  t h e  tes t  package .  
A f t e r  t h e  tes t  p a c k a g e  is r e t u r n e d  t o  Plum Brook fo r  t h e  t h i r d  t h e r m a l  
tes t ,  t h o s e  vacuum g a g e s  must  be r e i n s t a l l e d ,  The  i n s t a l l a t i o n  and  
removal  o f  t h e  vacuum g a g e s  s h a l l  be  r f o r m e d  w i t h  s i m u l t a n e o u s  
l o c a l  C02 (Colem n g r a d e )  p u r g i n g  o f  
o f  t h e  cryopump (C02) g a s  w i t h i n  t h e  p a n e l s .  
t h e  s u r f a c e  o f  t h e  p a n e l  w i l l  be  i n s t a l l e d  o v e r  t h e  work  a rea  and s h a l l  
be  f u l l y  p u r g e d  before a n d  d u r i n g  t h e  o p e r a t i o n .  

’ Between t h e  s e c o n d  and  t h i r d  test s e q u e n c e ,  t w o  a d d i t i o n a l  

e p a n e l  t o  a v o i d  c o n t a m i n a t i o n  
A m y l a r  f i l m  t a p e d  t o  
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A t  the completion of a l l  test ing,  and w i th  the assistance of 
Union Carbide rsonnel, the SEMI panels w i l l  be str ipped f r y  
the t e s t  tank, opened, and examined. Any evidence o f  damage t o  any 
o f  the components w i  1 1  be documented. 

I I e MANAGEMENT PLAN 

The organizat ional  and ind iv idua l  responsibi l  i t i e s  f o r  car ry ing  
out a l l  elements o f  the t e s t  program are 1 i s ted  below: 

T& Responsible 
S ta t ion  

A, Design & Fabr icat ion 
of Special Test 
Equipment 

1 .  

2. 

3. 

4. 

5. 

' 6 ,  

Design and i n s t a l l  PB 
GHe purge and vent 
1 ines 

Procure o r  supply PB 
clamps f o r  purge bag 
bond i ng f rarnes 

Provide GN2 purge PB 
c a p a b i l i t y  f o r  environ- 
mental chamber 

Provide constant FB 
tempe r a t  ure water 
supply f o r  shroud 

Supply purge bags, LeRC 
bonding frames and 
adhes i ve 

Provide f i l l  and d ra in  LeRC 
1 ine assembly 

Re s pons i b 1 e 
D i v i  s ion 

Responsible 
Person 

Rocket J. Ca i re l l  i 
Systems 

Rocket J. C a i r e l l i  
S ys tems 

Rocket S ys tems J. Ca i re l l  i 

Rocket 
Systems 

CRD 

CRD 

J, C a i r e l l i  

J. Faddoul 

J. Faddoul 

2 1  0 



B. 

1 I n s t a l  1 6 thermo- 
couples on outside o f  : 

t e s t  package 

2. Apply purge bag t o  
co ld  guard and leak 
check 

3,  Insu late LH2 t e s t  
tank f i l l  l i n e  

4. Remove vacuum gages and 
r e i n s t a l l  on 
re tu rn  from Goddard 

5. Instrument f i l l  and 
d r a i n  pipe w i t h  LL 
sensors 

C. i n s t a l l a t i o n  o f  Research 
Packaqe 

Res pon s i b,l e Responsible 
Stat  ion D i v i  s ion Pe rson 

PB 

PB 

PB 

PB 

PB 

Assemble and ins ta l  1 t e s t  PB 
hardware i n  chamber 

D. Repor t inq 

Preparation o f  report  
summarizing a l l  SEMI t e s t  data LeRC 

E. Test Operations 

1 FaEil i t y  preparation 

2.  Setup o f  computer i n  
contro l  room fo r  on- 
1 ine canputation of 
b o i l o f f  gas rates 

F*  

1 3OKC SEL mu1 t ip lexer  
system, S t r i p  charts and 
v is icorder ,  and GE 

PB 

PB 

PB 

Rocket R. Rettman 
S ys terns 

Rocket J. C a i r e l l  i 
Systems 

Rocket J, Cai re l l  i 
Systems 

Rocket . R. Rettman 
Sys tems 

Rocket R. Rettman 
S ys tems 

Rocket J. C a i r e l l i  
Systems 

Chem i ca 1 J. Faddoul 
Rocket D i  v. 

Rocket J. C a i r e l l  i 
Systems 

W e  Kuchmeier Rocket 
Systems 

Rocket R. Rettman 
S ys terns 
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T& 

F. (continued) 

Res pons i b 1 e Responsible Res pons i b I e 
Person Stat  ion Division 

2. Data reduction. LeRC CRD J. F.addou1 
Obtain ca l ibrated data 
and t e  rrn i nal 
cal cul a t  i ons 

2 1  2 



GWRD AND TEST 
TANK FILL AND 
DRAIN LINES 

i 
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- NOTE 

A t  the present  t i m e  it i s  un l ike ly  t h e  LPS 
w i l l  be capable of v i b r a t i n g  the t e s t  i t e m  t o  t h e  
8.5g l e v e l  a s  depic ted  i n  t h i s  procedure, S i n c e  
the  maximum v i b r a t i o n  l e v e l  is  no t  known and w i l l  
no t  be known u n t i l  the onboard checkouts of t he  
v i b r a t i o n  system have been completed, the 8-59 
l e v e l  was l e f t  i n  the procedure. Once t h e  maximum 
v i b r a t i o n  l e v e l  is  known the v i b r a t i o n  t es t  l e v e l  
f o r  SEMI w i l l  be ad jus ted  to  tha t  l e v e l  i f  it is  
below 8,5g. There may a l s o  be c e r t a i n  f requencies  
where it w i l l  be impossible t o  v i b r a t e  due t o  LPS 
s t r u c t u r a l  cons ide ra t ions ,  This w i l l  a l s o  be 
determined a t  t he  t i m e  of the onboard checkouts. 
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1. GENERAL 

T e s t  T i t l e :  Simulated Launch Environment Thermal 
Degradation T e s t  on t h e  Se l f  Evacuating Mult i layer  
I n s u l a t i o n  (SEMI) System 

T e s t  F a c i l i t y :  Launch Phase Simulator (LPS) and 
a s soc ia t ed  ins t rumenta t ion  and support  equ'ipment e 

Applicable  Document: S e l f  Evacuating Mul t i layer  
I n s u l a t i o n  (SEMI) System Simulated Launch Environment 
Thermal Degradation T e s t  Program Plan Report ,  J. R.  
Faddoul, NASA-Lewis Research Cen te r  

Job Order Number: 321-124-08-16-01 

2 .  TEST OBJECTIVE 

The purpose of t h i s  t e s t  is t o  determine i f  t he  
launch environment w i l l  degrade t h e  thermal performance 
of t h e  SEMI system. 

3 .  DESCRIPTION OF TEST ARTICLE 

The t e s t  i t e m  w i l l  c o n s i s t  of t h e  following: 

( a )  A 30 inch diameter by 60 inch long aluminum 
cryogenic t e s t  tank t o  which the  i n s u l a t i o n  
pane 1s a t  tach e 

(b) SEMI panels  cons i s t ing  of a l t e r n a t e  l a y e r s  
of foam spacers  and double aluminized mylar 
r a d i a t i o n  s h i e l d s  enclosed i n  a f l e x i b l e  
vapor b a r r i e r .  Each i n s u l a t i o n  panel  i s  f i l l e d  
wi th  gaseous C02. The pane ls  a r e  a t t ached  t o  
t h e  tank  and each o the r  wi th  3 inch by 3 inch 
nylon Velcro f a s t e n e r s .  The system i s  sea l ed  
on t h e  ou t s ide  wi th  aluminum f o i l  adhesive 
back t a p e ,  During t h e  t e s t i n g ,  t h e  i n s u l a t i o n  
panels  w i l l  by cryopumped. This w i l l  be accom- 
p l i shed  by f i l l i n g  t h e  t e s t  tank wi th  l i q u i d  
n i t rogen .  This w i l l  coo l  down t h e  tank wa l l s  and 
condense t h e  C 0 2  contained i n  t h e  i n s u l a t i o n  panels ,  
t hus  e f f e c t i v e l y  evacuat ing t h e  pane ls .  
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(c)  A v i b r a t i o n  adapter  by which t h e  tank  a t t aches  
t o  t h e  LPS v i b r a t i o n  end cap. The adapter  
accommodates a l l  necessary cryogenic plumbing 
f o r  f i l l i n g  and vent ing of  t h e  LN2. 

4, TEST SETUP- 

Af t e r  uncra t ing  of t he  t es t  i t e m  and p r i o r  t o  any 
t e s t i n g ,  a complete inspec t ion  of t h e  t e s t  i t e m  w i l l  be 
performed by t h e  m e m b e r s  of t h e  SEMI c r e w .  Any damage 
w i l l  be noted and s t i l l  photographs of t he  damaged area  
w i l l  be taken.  

The test  w i l l  be conducted u t i l i z i n g  the acous t i c ,  
vacuum, s teady-s ta te  acce le ra t ion  and mechanical v ib ra t ion  
c a p a b i l i t i e s  of t h e  LPS. The t e s t  i t e m  w i l l  be mated t o  
the  LPS v i b r a t i o n  end cap  and a l l  instrumentat ion at tached.  
Sect ion 10  conta ins  t h e  tank handling procedure.  Upon 
v e r i f i c a t i o n  of a l l  ins t rumenta t ion ,  low l e v e l  s i n e  tests 
s h a l l  be conducted on the  LPS i n  t h e  off-board v ib ra t ion  
mode. The purpose of these  t e s t s  i s  t o  a id  i n  f i n a l i z i n g  
the  v i b r a t i o n  s p e c i f i c a t i o n .  A f t e r  completion of t h e  
tes ts ,  the end c a p / t e s t  i t e m  combination w i l l  be ro t a t ed  
90° t o  the h o r i z o n t a l  and a t t ached  t o  the  LPS test  chamber 
by means of  the  LPS loading veh ic l e .  

5. TEST LEVELS 

The desired test  l e v e l s  and p r o f i l e s  a r e  shown i n  
Figures  54 through 58. The s p e c i f i c a t i o n s  f o r  t h e  vacuum, 
acous t i c  and s t eady- s t a t e  a c c e l e r a t i o n  environments a r e  
wi th in  t h e  c a p a b i l i t i e s  of t h e  LPS and should be m e t  
wi th  l i t t l e  d i f f i c u l t y .  The desired v i b r a t i o n  s p e c i f i c a t i o n  
is  t o  maintain a cons tan t  8 0 5 g 0 s  from 10 t o  100 Hz a t  t he  
t e s t  tank  c - g .  ; a t  t h e  present  t i m e  it i s  u n l i k e l y  t h e  
LPS w i l l  be capable of v i b r a t i n g  t h e  t e s t  i t e m  t o  t h i s  
8,5g l e v e l .  Since t h e  SEMI t e s t  w i l l  be the f i r s t  t es t  
u t i l i z i n g  the on-board v i b r a t i o n  c a p a b i l i t i e s  of t h e  LPS 
and the on-board checkouts have n o t  been performed a t  t h e  
t i m e  of t h e  wr i t i ng  of t h i s  procedure,  t h e r e  i s  l i m i t e d  
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knowledge as t o  the  on-board c a p a b i l i t i e s .  Off-board 
v i b r a t i o n  system checkouts have ind ica ted  t h a t  t he  
LPS v i b r a t i o n  c a p a b i l i t i e s  w i l l  be l imi ted  t o  a 
maximum l e v e l  of 5 g ' s  and a frequency range of 5 t o  
60 Ha: f o r  bo th  on-board and off-board t e s t i n g .  A t  the 
completion of t h e  on-board checkouts t hese  numbers may 
change and t h e  SEMI v i b r a t i o n  s p e c i f i c a t i o n  w i l l  be 
ad jus ted  accordingly,  

The fol lowing sec t ions  a r e  w r i t t e n  u t i l i z i n g  t h e  
d e s i r e d  l e v e l s  and no t  t h e  expected l e v e l s .  

6. TEST DESCRIPTION - DESIRED VIBRATION LEVELS 

This  t e s t  w i l l  be performed i n  one phase only,  
sub jec t ing  t h e  SEMI system t o  t h e  combined launch environ- 
ments of  acous t i c  no i se ,  mechanical v i b r a t i o n ,  steady- 
s t a t e  a c c e l e r a t i o n  and vacuum vent ing as  depic ted  i n  
F igures  54, 55and 56, The s p e c i f i e d  octave band acous t i c  
no i se  l e v e l s  are shown i n  Figure57 and s inuso ida l  v i b r a t i o n  
s p e c i f i c a t i o n  i n  Figure 58. 

A f o u r  p o i n t  v i b r a t i o n  c o n t r o l  s h a l l  be used f o r  
t h i s  t es t  wi th  accelerometers  loca ted  a t  Oo, 90°, 180° 
and 270° on t h e  shaker  t a b l e  a t  t h e  base of t h e  t es t  i t e m .  
See Figure 59 f o r  l oca t ion  of  accelerometers .  

P r i o r  t o  the combined t e s t ,  a number of low level 
v i b r a t i o n  tests w i l l  be performed i n  t h e  off-board and 
on-board LPS v i b r a t i o n  mode. Since it i s  des i r ed  t o  
maintain a cons t an t  8 .5g 's  a t  the tank c e n t e r  of g r a v i t y  
and we can on ly  c o n t r o l  a t  t h e  base of t h e  t e s t  i t e m ,  
t h e s e  low level  runs w i l l  enable  u s  t o  develop a v i b r a t i o n  
s p e c i f i c a t i o n  which w i l l  m e e t  t h i s  requirement,  These 
tests and the method f o r  developing t h e  s p e c i f i c a t i o n  
w i l l  be a s  fol lows:  
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(a)  A %g s i n e  survey i n  the  X a x i s  from 10 - 100 Hz 
w i l l  be performed i n  t h e  off-board LPS v i b r a t i o n  
mode. The d a t a  recorded f o r  t he  tank c e n t e r  of 
g r a v i t y  and inpu t  monitor accelerometers w i l l  
be analyzed. T ransmiss ib i l i t y  p l o t s  w i l l  be 
made wi th  t h e  tank c e n t e r  of g r a v i t y  accelerometer 
a s  t he  denominator and t h e  input  monitors a s  t h e  
numerator. From these  t r a n s m i s s i b i l i t y  p l o t s ,  a 
v i b r a t i o n  s p e c i f i c a t i o n  f o r  maintaining a cons tan t  
4 ,25g ' s  a t  the tank c e n t e r  of g r a v i t y  w i l l  be 
developed by mult iplying t h e  t r a n s m i s s i b i l i t i e s  
by 4.25. 

(b) A 4.25g v i b r a t i o n  t e s t  i n  t h e  LPS off-board mode 
using t h e  s p e c i f i c a t i o n  developed above w i l l  be 
performed. The d a t a  from the  tank center of 
g r a v i t y  and inpu t  monitor accelerometer w i l l  
be analyzed t o  insure  t h a t  t he  4.25g level  
w a s  maintained a t  t h e  tank c e n t e r  of g rav i ty .  
I f  t h i s  l e v e l  w a s  no t  maintained, t h e  necessary 
adjustments  t o  t h e  s p e c i f i c a t i o n  w i l l  be made 
and the  test  repeated.  

(c) Once a l l  off-board v i b r a t i o n  tes ts  have been com- 
p l e t e d ,  on-board v i b r a t i o n  tests a t  $g and 4.25g's 
w i l l  be performed with arm r o t a t i n g  a t  5 RPM. 
Any f i n a l  adjustments w i l l  be made. I f  t hese  
adjustments  a r e  s i g n i f i c a n t ,  t h i s  t es t  w i l l  be 
repea ted .  The s p e c i f i c a t i o n  w i l l  be changed t o  
t h e  8,5g l e v e l  f o r  t he  combined environment test. 

Upon completion of t h e  low l e v e l  tes ts ,  the SEMI tank 
w i l l  be f i l l e d  wi th  EN2 i n  order  t o  lower the  t ank  temperature 
t o  between -280°F t o  -3OOOF. While t h i s  i s  being done, a 
one-hour GN (gaseous n i t rogen)  purge of t h e  LPS t e s t  
chamber w i l 2  be performed, When the  tank reaches the  
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desired level ,  the LN w i l l  be drained from the tank, the 
LN2 l ines  disconnectea and equipment removed from the 
rotunda. The t e s t  then w i l l  be performed a s  per Test Run 
Sequence (Section 9 ) .  After the t e s t ,  the chamber w i l l  
be returned t o  atmospheric pressure over a half-hour interval  
a t  a r a t e  of approximately 24 torr/minute by backfi l l ing 
with G N 2 .  The t e s t  item w i l l  be removed from the LPS 
chamber and a thorough post-test  inspection sha l l  be 
performed by members of the SEMI crew. S t i l l  photographs 
w i l l  record a l l  anomalies. The LPS chamber w i l l  be inspected 
fo r  any evidence of debris or  insulation par t ic les  immediately 
a f t e r  the t e s t .  

7. INSTRUmNTAT I O N  

The instrumentation planned for the test  i s  as follows: 

Temperature 

Twelve temperature measuring devices w i l l  be recorded 
during the t e s t .  Six w i l l  be Rosemont temperature sensors 
mounted on the tank wall and s i x  w i l l  be copper-constantan 
thermocouples , three each on two insulation panels. These 
devices w i l l  be provided and ins ta l led  by Lewis Research 
Center and GSFC w i l l  be responsible for recording only.  

Vibration 

A t o t a l  of f i f t een  accelerometers w i l l  be used during 
the tes t ,  Four accelerometers (Endevco type 2224) w i l l  
be located on the shaker table  a t  the base of the t e s t  item 
t o  monitor the four control accelerometers, Two accelerom- 
e t e r s  (Endevco type 2 2 2 l D )  w i l l  be mounted adjacent t o  
accelerometer number 1 oriented t o  measure the l a t e r a l  
crosstalk vibration i n  the X and Z axes. A single accelerom- 
e t e r  (Endevco type 2 2 2 1 D )  w i l l  be mounted on the shaker 
tab le  as a dump monitor. Three accelerometers (Endevco 
type 2 2 7 1 A )  w i l l  be mounted a t  the tankhibra t ion  adapter 
flange, measuring the response i n  the X ,  Y and Z axes, 
Three accelerometers (Endevco type 2 2 2 2 B )  w i l l  be attached 
a t  the tank center of gravi ty  measuring the response i n  
the X, Y and Z axes. Two accelerometers w i l l  be supplied 
by Lewis Research Center and w i l l  be located underneath 
the t e s t  insulation on the dummy support s t ructure .  Figure 
6 shows accelerometer location and number, 
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Acoustics 

Five B&K ( type  4136 or equiva len t )  microphones a r e  t o  
be loca ted  i n  the  LPS chamber a s  shown i n  Figure 60. Micro- 
phone number 3 w i l l  be t h e  c o n t r o l  microphone. 

Pres s u r e  

One CEC type 4-312, 0 - 15 p s i a  pressure  pickup w i l l  
be used t o  monitor t he  p r e s s w e  p r o f i l e  i n s ide  t h e  LPS 
chamber. One 0 - 100 p s i  d i f f e r e n t i a l  pressure t ransducer  
w i l l  be i n s t a l l e d  on t h e  Vibrat ion Tes t  Flange Assembly 
t o  read i n t e r n a l  tank  pressure .  

Visua l  

Two c losed  c i r c u i t  t e l e v i s i o n  cameras w i l l  be located 
i n  t h e  chamber f o r  rea l  t i m e  observat ion of t h e  t es t .  Each 
camera w i l l  be o r i en ted  normal t o  t h e  Y-Z plane and one w i l l  
look along t h e  +Z edge of i n s u l a t i o n ,  t he  o t h e r ,  t he  -z edge 
of i n s u l a t i o n .  The output  of both cameras w i l l  be displayed 
i n  t h e  c o n t r o l  room and one camera's  ou tput  w i l l  be recorded 
on video tape .  One 16 mm movie camera ( f i l m  speed 64 frames/ 
second) s h a l l  be used during t h e  t es t .  Timing marks a t  
0.10 second i n t e r v a l s  s h a l l  be  provided on the  f i lm .  

8 .  DATA ACQUISITION 

D a t a  from a l l  t ransducers  w i l l  be recorded on magnetic 
tape  during the  t e s t  run ,  In  add i t ion  t h e  s i x  Rosemont 
temperature t ransducers ,  both t h e  chamber and tank pressure ,  
and accelerometers  lX, 2 X ,  6X, 6Y, 6Z, 7X, 7Y and 72 w i l l  
be simultaneously presented on osc i l l og raph .  The c o n t r o l  
microphone w i l l  be analyzed by octave bands and ind ica ted  
on osc i l l o scope  o1 

All records  w i l l  be f u l l y  labe led  ( a s  w i l l  the  tape be 
annotated)  with the  following information: 

SEMI System - LPS Tes t  
D a t e  and Run Number: 
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Transducer and Number (i .e., 
accelerometer # Ix) 
Channe 1 Allocated 

Exposed motion picture fi lm from the t e s t  w i l l  be 
promptly processed and examined. Three copies of the 
fi lm w i l l  be made and a l l  f i lm containers and ree ls  w i l l  
be appropriately ident i f ied a s  indicated above. 

9. DATA ANALYSIS 

Temperature 

Temperature versus time p lo ts  for  each temperature 
transducer are  required. 

Vibration 

F i l te red  and unfi l tered p lo ts  (g leve l  versus frequency) 
of each accelerometer response are  required. 

Acoustics 

A l l  microphone responses s h a l l  be presented as  time 
h i s to r i e s ,  i . e . ,  Overall Sound Pressure Level (OASPL) 
versus t i m e .  I n  addition, an Octave Band Analysis of the 
response of each microphone during each s ta t ionary OASPL 
in te rva l  i s  required. Narrower f i l t e r  bandwidth analysis 
may be specified fo r  cer ta in  locations a f t e r  inspection of 
broad f i l t e r  band data,  

Pressure 

Pressure versus time p lo ts  a re  required for  both 
pressure transducers. These w i l l  be presented as  X-Y 
p lo t s  with abscissa being t i m e  i n  seconds and the ordinate 
being pressure in  to r r .  

10, TEST RUN SEQUENCE 

The following sequence w i l l  be followed for the SEMI 
tes t ing:  

22 9 



1, 

2 ,  

3 ,  

4. 

5 .  

6. 

7.  

8. 

9. 

10. 

11 0 

1 2 .  

13 

14 e 

15  

Uncrate and v i s u a l l y  inspec t  the t e s t  item 
p r i o r  t o  i n s t a l l a t i o n  on t h e  v ib ra t ion  end 
cap 

I n s t a l l  microphones, p ressure  t ransducer ,  
movie camera and t e l e v i s i o n  cameras i n  LPS 
chamber 

Attach t e s t  i tem t o  v ib ra t ion  end cap, a s  
per  handling procedure (Sect ion 11). 

I n s t a l l  and check o u t  a11  instrumentat ion 
(except  f o r  t h r e e  accelerometers  on tank 
cen te r  of grav i ty) . ,  

Connect LN2 f i l l  and d r a i n  and vent  l i n e s .  

Cool i n s i d e  of tank wi th  LN2 and a t t a c h  
t h r e e  accelerometers  a t  tank cen te r  of 
g r a v i t y .  

Perform low l e v e l  s i n u s o i d a l  survey. 

Reduce survey d a t a  and prepare 4.25g v ib ra t ion  
s p e c i f i c a t i o n .  

I f  requi red  coo l  i n s i d e  of tank with LN2 i n  
order  t o  maintain vacuum i n  panels .  

Perform 4.25g v i b r a t i o n  tes t  i n  off-board 
mode. 

Reduce d a t a  and make any necessary adjustments.  
Repeat 4.25 t e s t  i f  necessary.  

Attach end cap / t e s t  i t e m  combination t o  LPS 
test  chamber. 

Connect e x t e r n a l  LN2 plumbing 

S ta r t  LN2 f i l l ,  

Monitor Rosemont output  u n t i l  a l l  s enso r s  read 
between -280°F t o  -30O0F. 
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16 ,  Drain LN2 from tank.  

1 7 ,  Disconnect plumbing and remove equipment 
from rotunda and c lose  doors.  

11, 

18, Rotate  a r m  a t  5 RPM and perform $9 survey 
andr4':25g vkbrat ion tes t  

1'3. Reduce d a t a  and make adjustments t o  
s p e c i f i c a t i o n ,  

20.  Repeat test  i f  necessary.  

21 .  Repeat s t e p s  1 3  through 17 .  

22 .  S t a r t  recorders  and i n i t i a t e  test  programs. 

23 .  A t  completion of t es t ,  s t o p  recorders .  

2 4 .  S t a r t  b a c k f i l l  of chamber with GN2 a t  24 
torr/minute r a t e  

25 .  Monitor Rosemont sensors  u n t i l  tank warmup 
is  complete. 

2 6 .  Remove end cap / t e s t  i t e m  combination from 
t h e  LPS t e s t  chamber. 

27. V i sua l ly  inspec t  t he  i n s u l a t i o n  system f o r  
any anomalies. 

28.  Inspec t  LPS t e s t  chamber f o r  d e b r i s  and b i t s  
of i n s u l a t i o n .  

29 .  Perform p o s t - t e s t  instrumentat ion c a l i b r a t i o n .  

3 0 ,  Disconnect plumbing and ins t rumenta t ion ,  

31, Remove tank from end cap and r e c r a t e  f o r  shipment 
t o  Lewis Research Center.  

HANDLING PROCEDURE 

The fol lowing is t h e  SEMI tes t  tank handling and a t t ach -  
ment procedure. The a c t u a l  handling of t h e  tank w i l l  be done 
by members of t h e  SEMI crew wi th  GSFC personnel opera t ing  t h e  
c rane  and providing necessary support .  
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1, 

2 ,  

3 -  

4,  

5. 

6, 

7. 

8. 

9. 

Attach v i b r a t i o n  tes t  adapter  t o  v ib ra t ion  
end cap. 

Attach v i b r a t i o n  tes t  f l ange  assembly t o  
t es t  v e s s e l  f lange .  

Attach l i f t i n g  r i g  t o  t runnion p ins  provided 
f o r  on the shipping con ta ine r s  f o r  l i f t i n g  and 
handl ing-  

L i f t  tank and shipping con ta ine r s  and i n v e r t  them, 

Pos i t i on  tank d i r e c t l y  over v i b r a t i o n  t e s t  adapter  
and lower i n t o  pos i t i on .  

Attach tank t o  v i b r a t i o n  t e s t  adapter  wi th  four  
of t h e  e i g h t  requi red  b o l t s -  

Remove b o l t s  which hold shipping con ta ine r s  t o  
tank.  

Remove shipping con ta ine r s  and s t o r e  u n t i l  t e s t  
i s  completed. 

I n s t a l l  t h e  o t h e r  four  requi red  b o l t s .  

When removing t h e  tank from v i b r a t i o n  end cap the  
above procedure i s  reversed.  
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Note: Locations 1, 6 ,  
and 7 are t r i a x  
and a l l  o t h e r s  
measure i n  X 
a x i s  only.  

5 

I 

7 

I n t e r f a c e  
Figure 59 T e s t  Configuration and 

Accelerometer Location 238 
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APPENDIX 10 

TEST P U N  - SUBSCALE WBRATION TESTING, TASK I 

In order to verify the validity of the structural analysis, Linde plans 
orm vibration testing of several subscale test panelsp as provided for 

in the Task 1 work statement. The tests are described below. 

The objective of these subscale tests are to evaluate the effect of 
vibration on panels using punched hole polyurethane foam spacers and the 
Velcro fasteners that are used to attach the panels to each other and to the 
test fixture. 

TEST PANEL DESIGN 

One of the three test setups is shown in Figure 61, The second config- 
uration to be tested will be the s a m e  except for the direction of shingle. The 
vibration fixture is of a design that allows the 1 f t .  x 2 f t .  panel to be mounted 
in a plane having the 2 f t .  axis vertical as shown or placing the 2 f t .  axis 
horizontal. This will permit testing a particular panel for both directions of 
shingle without removing the panels from the metal plate between tests. 
By rotating the vibration machine 90°9 it will be possible to test the panel 
for conditions simulating the insulation applied to the bottom of the tank at 
the Goddard tests, i .e a forced vibration applied parallel to the layers in 
combination with a one "g" force applied downward and normal to the insulation. 

Two dummy panels will be used to simulate panel shingling. A vacuum 
common to both of the dummy panels and the test panel will be attained via an 
evacuation port from the back side of the me ta l  panel. The outer (test) panel 
will be contact cemented directly to the front of the me ta l  plate to provide a 
vacuum seal. The exposed outside test panel casing will be 0.001 inch clear 
Mylar rather than the 4-ply aluminized Mylar laminate This permits visual 
observation of the foam spacers  and Mylar radiation shields during the test. 
The test panel will contain six composite foam spacers and five Mylar 
radiation shields 
thick open cell rigid foam separated by aluminized Mylar radiation shields e 

The dummy panels will contain five solid layers of 0 a 1 inch 
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TEST SYSTEM COMPONENTS 

Spacer Configuration 

I 

Each test panel will utilize the PT-6 punched hole configuration 
(Contract NAS 3-79531, i .e. a three layer composite spacer consisting of 
two -02 inch thick open cel l  rigid polyurethane foam layers containing 
punched holes and one .02 inch thick layer of unpunched open cell rigid 
polyurethane foam e The two punched hole layers are positioned relative 
to each other such that support is achieved only a t  the intersection of the 
two webs a The PT-6 configuration has  1-1/4 in. square holes located on 
2 in. centers e 

Panel Seal 

The panels will be fabricated of a 4-ply laminate of aluminized 
Mylar casing material and bonded together with contact cement 
procedure will provide sufficient vacuum integrity for ambient temperature 
vibration testing. This will a l so  eliminate the necessity of making Narmco 
adhesive joints, which are more complicated to fabricate, yet would not 
contribute to these tests a t  ambient temperature. 

This 

PANEL-TO-PANEL AND PANEL-TO-TANK ATTACHMENT 

Based on the results of the structural analysis,  Velcro fasteners are 
recommended for panel-to-panel and panel-to-tank attachments to  compensate 
for deflections caused by thermal and evacuation considerations. The relative 
motion between panels can be easi ly  contained within the Velcro fastener and 
will not place the panel casing in tension to the extent a s  would be experi- 
enced if the SEMI panels were bonded intimately together with adhesive 

INSTRUMENTATION 

Testing will be performed on a Unholtz-Dicke 1200 lb Model 56 vibration 
machine 
plate a s  well as the machine mounted accelerometer Endevco type 2224C, Serial 
No,  TG-87 will be used to measure vibration loadings LI 

A Kistler accelerometer Model 808A, Serial No. 538 mounted on the 

A 0 to 800mmEg Wallace and Tiernan Model FA160, Serial No.  FF 02100 
absolute pressure gauge will be used to indicate panel vacuum during testing. 
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TEST CONDITIONS 

A l l  vibration testing will be performed at  ambient conditions. The 
panels will be tested in three directions for either or both evacuated and 
recovered insulation conditions. The sweep t i m e ,  frequency "g" level, 
and range will be as follows for all tests, as listed below. 

EXPLORATORY 

One "g" sweep from 20 to 150 Hz in  60 seconds 

Time (Seconds Frequency 

0 
20 
30  
40 
50 
60 

20 
40 
50 
90 

110 
150 

TEST 

8.5 "g" sweep from 20 to 150 Nz in 60 seconds 

Repeat above sweep 

Test No.  1 Panel Evacuated - Shingle vertical 

Test No.  2 Panel Recovered - Shingle vertical 

Test No.  3 Panel Recovered - Shingle horizontal 

Test No.  4 Panel Recovered - Shingle horizontal - traverse to 
vibration - 1 "g" loading acting 
normal to multilayer insulation 
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APPENDIX 11 

VELCRO Fastener Qualification Tests 

Results of the structural analysis of Task I indicated that a 
rigid adhesive bonding system between panels and tank or panels to panels 
would cause large stresses in the panel casing material, and would likely 
lead to panel failure. Instead of the rigid system, the analysis indica- 
ted that VELCRO fasteners would be acceptable since the fastener would 
permit some slipping between panels, to allow for thermal and evacuation 
stresses, while still maintaining panel placement. It, thus, became nec- 
essary to qualify an adhesive system for bonding the nylon VELCRO to alum- 
inum plates andMylar in addition to determining allowable stress levels 
for the VELCRO loop and pile closure assembled at 15 psi. (The 15 psi 
assembly pressure was chosen to simulate assembly of the panels equival- 
ent to a one atmosphere ground hold condition.) 
in tension were assembled at a 50 psi in compressive load to determine 
effect on the tensile strength achieved. Two adhesive systems were 
tested, namely vendor supplied VELCRO adhesive backed (VELCRO No. SA-0145A) 
and plain uncoated VELCRO using'a urethane adhesive Narmco 734317139. 

Samples of VELCRO tested 

I. ADHESIVE JOINTS - PROCEDURE 
A. Adhesive Backed VELCRO (VELCRO No. SA-0145A Coating) 

VELCRO adhesive backing was wiped with liberal amounts of 
MEK, allowed to become tacky (approximately three minutes) and then 
placed on the clean substrate and allowed to cure overnight at ambient 
temperature and pressure. 

1. Carbon Steel Substrate 

Roughened with emery cloth and wiped with MEK. 

2 Aluminum Substrate 

Roughened on a wire wheel and wiped with MEK. 

3 .  Mvlar Substrate 

Wiped with MEK. 
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B. Narmco Bonded J o i n t s  

VELCRO 

Narmco adhesive was appl ied  t o  the  2 i nch  wide p l a i n  backed 
s t r i p s  by brushing, fol lowing a w i p e  wi th  MEK. 

The Narmco was mixed t o  the  fol lowing propor t ions .  

7343 
7139 

100 gms e 
11 gms. 

When adhered t o  the  aluminum and mylar s u b s t r a t e s ,  the samples were 
cured a t  room temperature  under 3 p s i  f o r  24 hours .  F ina l  cu re  was 
obta ined  a t  0 p s i  and 170° f o r  4 hours .  

1 Aluminum Subs t r a t e  

The aluminum was prepared f o r  priming by roughening 
w i t h  a w i r e  wheel, and wiping wi th  MEK. 

A t h i n  c o a t  of Goodyear prime was appl ied  by brushing 
a f t e r  mixing t o  the  fo l lowing  propor t ions  : 

Goodyear 207B 100 gms. 

Goodyear 207C 4 gms. 

Toluene 63  gms. 
MEK 27 gms. 

2. Mylar Subs t r a t e  

The Mylar was prepared f o r  Goodyear prime by wiping w i t h  
MEK. A t h i n  c o a t  was app l i ed  by brushing.  The primed aluminum and 
Mylar s u b s t r a t e s  were cured a t  room temperature  f o r  24 hours. 

11. CLOSURE TESTS 

The 2 i nch  x 2 inch  samples of VELCRO were j o i n t  under 1 5  p s i  c losu re  
p re s su re  f o r  a l l  tes ts ,  w i th  the except ion  of one run i n  t e n s i o n  us ing  50 
p s i  c lo su re  p re s su re .  Tes t ing  was performed us ing  a c a l i b r a t e d  0 t o  50 l b .  
s p r i n g  s c a l e  t o  determine s t a t i c a l l y  appl ied  loads  Tes t ing  included 90° 
p e e l ,  s h e a r  stress and t e n s i l e  stress.  (See Figure  62) Samples w e r e  sub- 
merged i n  l i q u i d  n i t r o g e n  f o r  6 cyc le s  before  t e s t i n g .  

111. FASTENER TESTS 

Adhesive j o i n t  tests w e r e  pe-rformed on bo th  the  VELCRO adhesive and 
t h e  Narmco system. Tes t s  cons i s t ed  of s h e a r  and peel ,  (See F igure  6 3 )  
us ing  a 0 t o  50 l b .  c a l i b r a t e d  s p r i n g  s c a l e .  
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FIGURE 63 

ADHESIVE TESTS 
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APPENDIX 1 2  

CASING MATERIAL PERMEABILITY TESTS 

Casing Materia Permeabi l i ty  Tests 

Helium permeabi l i ty  t e s t s  were performed wi th  the  use of the 
permeabi l i ty  t es te r  shown i n  Figure 64.combined with a Vecco MS-9 
helium mass spectrometer  l eak  de tec tor .  The casing mater ia l  t o  be t e s t ed  
i s  c u t  t o  a 6 inch  diameter d i sk .  This d i sk  i s  placed between a double 
set  of 1'0'' r ings  i n  the permeabi l i ty  t e s t e r .  The lower "0" r ing  provides 
a vacuum s e a l  between the  sample and the t e s t e r .  A porous bronze d isk  
provides support  f o r  the  cas ing  mater ia l  sample when one s i d e  of the 
sample i s  evacuated wi th  the  l eak  de tec tor .  

The procedure of conducting a permeabi l i ty  t e s t  i s  as  fol lows:  
The casing mater ia l  sample i s  c u t  t o  the  required diameter and placed 
between the "0" r ings  which a r e  compressed from a s e a l  by t igh ten ing  the 
wing nuts .  The permeabi l i ty  t e s t e r  i s  then connected t o  the  leak  de tec to r  
and a vacuum i s  pumped on one s i d e  of the  sample. When the sample has been 
pumped t o  approximately 1 x 10-5 t o r r ,  the  l eak  de tec to r  s c a l e  i s  zeroed and 
a s tandard leak,  mounted on the  s ide  of the l e a k  de tec tor ,  i s  opened i n t o  the 
system, causing the l eak  de tec to r  s c a l e  t o  ind ica t e  the  number of u n i t s  pro- 
por t iona l  t o  the  s tandard leak .  This value i s  recorded f o r  use i n  the  c a l -  
c u l a t i o n  t o  determine the  sample permeabi l i ty .  The s tandard l e a k  i s  then 
valved of f  from the system, and it i s  noted t h a t  the de t ec to r  s ca l e  re turns  
t o  zero.  To assure  t h a t  the  lower vacuum "0" r ing  s e a l  of t he  permeabi l i ty  
t e s t e r  is  not leaking,  a spray of helium i s  put around the outs ide  of t h i s  
0 r ing.  Any leakage would be immediately ind ica ted  on the leak  de tec to r  

s ca l e .  
t he  top of the  cas ing  mater ia l  sample through the  tubing i n  the  top of the 
permeabi l i ty  tester.  When the  Seak de tec to r  s c a l e  has reached a s teady-  
s t a t e  value, t h i s  value i s  recorded and the t e s t  i s  thus completed. To 
ca l cu la t e  the  permeabi l i ty  of the  t e s t  sample, the  following equat ion i s  
used: 

11 I t  

Afte r  assur ing  t h a t  leakage i s  not present ,  helium i s  purged across  

A t m  cm3 
Permeabi l i ty  of sample sec - f t2  

= Steady-state  de t ec to r  s c a l e  reading (un i t s )  Value of s tandard l eak  (Atm cm3/sec) 
Standard l e a k  de tec to r  s c a l e  reading (uni t s )  Area of t es t  sample ( f t z )  

Note: The above equat ion  assumes use of 100% helium tes t  gas. The ac tua l  
permeabi l i ty  i s  inverse ly  proport ional  t o  the  helium concent ra t ion  i n  
the  t e s t  gas.  

Example: For  a 1% helium t e s t  mixture, the  ac tua l  permeabi l i ty  is  100 times 
the measured permeabi l i ty .  
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1 Curt i s  s -Wright Corpora t i o n  
Wright Aeronaut ical  Divis ion 
Woodridge, New J e r s e y  
Attn:  L ib ra ry  

1 ,  Unive r s i ty  of Denver 
Denver Research I n s t i t u t e  
P. 0.  Box 10127 
Denver, Colorado 80210 
At tn :  S e c u r i t y  Of f i ce  

1 Research Center  
F a i r c h i l d  H i l l e r  Corporation 
Ge rman t own, Mary1 and 
At tn :  L ib ra ry  

1 1  Gene r a  1 Dynamics /Conva i r 
1 P. 0. Box 1128 

San Diego, C a l i f o r n i a  92112 
Attn:  L ib ra ry  

1 M i s s i l e s  and Space Systems Center  
General E l e c t r i c  Company 
Valley Forge Space Technology Center  
P. 0. Box 8555 
Ph i l ade lph ia ,  Pa. 19101 
At tn :  L ib ra ry  

1 General E l e c t r i c  Company 
F l i g h t  Propuls ion Lab. Department 
C i n c i n a t i ,  Ohio 
At tn :  L ib ra ry  

DESIGNEE 

G .  Kel ley 

Ralph Hall  

R. T a t r o  
P .  Slysh 

D .  Suichu 
Leroy Smith 
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1 Grumman A i  r c  r a  f t E nginee r i n g  Corporat ion 
Bethpage, Long I s l and ,  New York 
Attn:  L ib ra ry  

1 Honeywe 11 I n c  . 
Aerospace Div i s ion  
2600 Ridgeway Road 
M i  nne a po 1 i s ,  M i  nne s o t a 
A t  t n :  L ib ra ry  

1 I I T  Research I n s t i t u t e  
Technology Center  
Chicago, I l l i n o i s  60616 
At tn :  L ib ra ry  

1 Ling -Temco -Vought Corporation 
P. 0. Box 5907 
Da l l a s ,  Texas 75222 
At tn :  L ib ra ry  

1 Lockhead M i s s i l e s  and Space Company 
P .  0.  Box 504 
Sunnyvale, C a l i f o r n i a  94087 
At tn :  L ib ra ry  

1 Marquardt Corporat ion 
16555 Sa t i coy  S t r e e t  
Box 2013 - South Annex 
Van Nuys, C a l i f o r n i a  91409 

DE S IGNEE 

C.K. Hersh 

W. Ste rben tz  
S.C. Debrock 

L . R .  Bel l  J r .  
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1 Denver Divis i o n  
Mart in-Marie t t a  Corporation 
P .  0. Box 179 
Denver, Colorado 80201 
Attn: Library  

1 Western Divis i o n  
McDonnell Douglas Ast ronaut ics  
5301 Bolsa Ave . 
Huntington Beach, C a l i f o r n i a  92647 
At tn :  Library  

1 McDonnell Douglas A i r c r a f t  Corporat ion 
P. 0.  Box 516 

A t  t n  : Library  
I Lambert F i e l d ,  Missouri  63166 

Rocke tdyne Div is ion  
North American Rockwell I n c .  
6633 Canoga Avenue 
Canoga Park, C a l i f o r n i a  91304 
Attn:  Library,  Department 596-306 

1 Space & Information Systems Divis ion  
North American Rockwell 
12214 Lakewood Blvd. 
Downe y , Ca 1 i f  o r n i a  
Attn:  Library 

1 Northrup Space Laborator ies  
3401 West Broadway 
Hawthrone, C a l i f o r n i a  
At tn :  L ibrary  

1 Purdue Universi ty  
Lafaye t te ,  Indiana 47907 
Attn:  Library  (Technical)  

D r .  J .  McGrew 

R.W. H a l l e t  
G.W. Burge 
P. Kleva t t  

R.A. Herzmark 
I . G .  Hughes 
L.F.  Kohrs 

D r .  William Howard 

D r .  Bruce Reese 
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Goodyear Aerospace Corporat ion 
1210 Massilon Road 
Akron, Ohio 44306 

Hamilton Standard Corporat ion 
Windsor Locks, Connecticut 06096 
A t t e n t i o n :  L ib ra ry  

Stanford Research I n s t i t u t e  
333 Ravenswood Avenue 
Menlo Park, C a l i f o r n i a  94025 
At tn :  L ib ra ry  

TRW Systems I n c .  
1 Space Park 
Redondo Beach, C a l i f o r n i a  90278 
Attn:  Tech. Lib.  Doc. Acqu i s i t i ons  

United A i r c r a f t  Corporat ion 
Corporat ion L ib ra ry  
400 Main S t r e e t  
E a s  t Ha rt ford,  Conne t i c u  t 
At tn :  L ib ra ry  

06 1 08 

DE S IGNEE 

Clem Shr ive r  

D r  . Ge r a l d  Marksman 

D.H.  Lee 

261 



REPORT 
COPIES 

R D  

1 

RECIPIENT 

United A i r c r a f t  Corporation 
United Technology Center  
P.  0. Box 358 
Sunnyvale, C a l i f o r n i a  94038 
At tn :  Library  

Vickers Incorporated 
Box 302 
Troy, Michigan 

Vought Astronaut ics  
Box 5907 
Dal las ,  Texas 
Attn:  Library  

6 
DESIGNEE 

D r .  David Altman 
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1 Commanding O f f i c e r  
U . S .  Naval Underwater Ordnance S t a t i o n  
Newport, Rhode I s l a n d  02844 
At ten t ion :  Library  

1 G .  T .  Schjeldahl  Company 
Nor thf ie ld ,  Minnesota 
A t  t e n t i o n ;  Library  

1 National Science Foundation 
Engineering Divis ion 
1800 G .  S t r e e t  N.W. 
Washington, D . C .  20540 
Attn: Library  

1 General Dynamics 
P .  0.  Box 748 
F o r t  Worth, Texas 76101 

Cryonetics Corporation 
Northwest I n d u s t r i a l  Park 
Burl i ng t on, Mas s a c hus e t t s 
A t  t e n t  ion: Library  

I n s t i t u t e  of Aerospace Studies  
Universi ty  of Toronto 
Toronto 5, Ontar io  
At ten t ion :  Library  

FMC Corporation 
Chemical Research and Development Center 
P .  0 .  Box 8 
Princeton,  New J e r s e y  08540 
Attent ion:  S e c u r i t y  O f f i c e r  

Westinghouse Research Laborator ies  
Buelah Road, Churchi l l  Boro 
P i t t sburgh ,  Pennsylvania 15235 
At ten t ion :  Library 

Cornell  Univers i ty  
Department of M a t e r i a l s  Science SC Engr. 
I thaca ,  New York 14850 
At ten t ion :  Library  

DE S IGNEE 

W.W. B a r t l e t t  

D .E .  We s t e  rhe ide  

J .F  Howlett 

D r .  1.1. Glass 

G . O .  Sankey 
J.H. B i t l e r  

H .H . Johnson 
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Narmco Research & Development Co. 
Whit taker  Corporat ion 
131 N .  Ludlow S t r e e t  
Dayton, Ohio 45402 

General E l e c t r i c  Company 
Apollo Support Dept., P. 0. Box 2500 
Daytona Beach, F l o r i d a  32015 
At tn :  C .  Day 

Celanese Corp. 
Box 1000 
Summit, New J e r s e y  07901 
At tn :  J .  D.  L a s s i t e r  

E. I .  duPont deNemours and Company 
E a s t e r n  Laboratory 
Gibbstown, New J e r s e y  08027 
A t t e n t  ion:  L ib ra ry  

Esso  Research and Engineering Company 
Spec ia l  P r o j e c t s  Unit  
P. 0.  Box 8 
Linden, New J e r s e y  07036 
A t  t e n t  i o n  : Libra  ry 

Minnesota Mining and Manufacturing Company 
900 Bush Avenue 
S t .  Paul ,  Minnesota 55106 
A t t e n t i o n :  L ib ra ry  

DE S IGNEE 

D.L. Beader 

H.C .  Zeman 
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